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invent™ also relates to novel recombinant OfTm^ The present 

containing said DNA(s), and recombinant organises? conSiZ ,S ? ' recombinant expression vector(s) 
recombinant expression vector(s). Furthermore theTese^ . [ econrbmant DN * molecule(s) and/or said 
enzyme preparations) of AADH(s) and a ^^S^^SS^ * T?" * Pr0dudn9 recombinant 
cally. 2-keto-L-gulonic acid (herein after referred to IzSffJ^S' carboxyl.c acid(s) and ketonefs). espe- 
a rS f^^ 

the production of 2 KG A from D-sorbito. by rtcnSStw^S Tt^T™ ^ 51 " 401 5^(1 976) discloses 
According to Acta Microbio.ogica Sinica 2?(2) 185 ^ 19W? 9 81 flS a Sactewm or Pseudomonas. 

culture of microorganisms, especially. Pseudomonas stnaL and r? Pr0dUCed fr ° m L - sorbo ^ by a mixed 

Na 0221 707 dl sc.ose S the production of £^££2^°^ EUr ° Pean Patent Publica «°" 

wittou concomitant bacteria. European Patent Rubicon No ^^'"^^^^etogenes with and 
2KGA from L-sorbose by a mixed culture J^J 0278 447 d,s c'oses a process for the Deduction of 

DSM No. 402S ( a (G^conooaoTr 
production* 2KGA from L-sorbose by Gtucolte^TosStoZ* ^ 1 * * ^ f ° r the 

From G. oxydans DSM No. 4025 AADH wac n»,rtf;J^~; u 
aldehydes, and was thus capable of p^dngThe SS^rfSSf *~ M ° n °' a,COhols and 

acids from aldehydes (seeEuropean Patent Publicaton m ^ ket ° n6S fr0m a,cohols - and ^rboxylic 

t-on of L-sorbose to 2KGA via L-sorbosona The pJS ^emS If**? part ; CU ' ar,y - ** MDH catal ^ 2ed *• 
as follows: Plys.co-chem.cal propert.es of the purified sample of the AADH were 

a) Optimum pH: about 7.0 - 9.0 

b) Optimum temperature: about 20°C - 40°C 

c) Molecular weight: 135,000 +/- 5.000 dalton 

e) Prosthetic group: pyrroloquinoline quinone 

f) Isoelectric point: about 4.4 

cotels) eneoding th. AADH(s); recombinant wSSi^S^JZ^^-TT*" m mve ' ™«»**>M mota- 
-TO said DNA(s) and/o, recombinant ^JSSS ISSUE* S re, =»'* l "»" organs) ear- 

and SEO ID NO 8 and functional derivajvaa o i.^^-ISS*.?* 1 '? N ° 5 ' SE0 10 "° 6 - SE ° 10 "° ' 
tcnandfer substitution of one or mora amino ai rSSal jSS^t e " h '* romSn ^« ton ' insert ". 
and** aldehyde dehydrogenase aolivily. "■"•"to wherein said enzymatic pMypeptidee have said alcohol 
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e.g. by Sambrook et al. (Molecular Cloning, Cold Spring Harbour Laboratory Press, New York, USA, second edition 
1989). Amino acid exchanges in proteins and peptides which do not generally alter the activity of such molecules are 
known in the state of the art and are described, for example, by H. Neurath and R.L Hill in "The Proteins*' (Academic 
Press, New York, 1979, see especially Figure 6, page 14). The most commonly occurring exchanges are: Ala/Ser, 

5 Val/lle, Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/lle, 
Leu/Val, Ala/Glu, Asp/Gly as well as these in reverse. 

Another aspect of the present invention concerns a recombinant DNA molecule encoding at least one enzymatic 
polypeptide selected from the group consisting of polypeptides identified by SEQ ID NO 5, SEQ ID NO 6, SEQ ID NO 
7 and SEQ ID NO 8 and chimeric recombinant enzymes between the polypeptides identified by SEQ ID NO 5, SEQ ID 

io NO 6, SEQ ID NO 7 and SEQ ID NO 8 and functional derivatives of the polypeptides identified above which contain 
addition, deletion and/or substitution of one or more amino acid residue(s), wherein said enzymatic polypeptides have 
said alcohol and/or aldehyde dehydrogenase activity. 

Furthermore the present invention is directed to DNA sequences encoding the polypeptides with alcohol and/or 
aldehyd dehydrogenase activity as disclosed e.g. in the sequence listing as well as their complementary strands, or 

75 those which include these sequences, DNA sequences which hybridize under standard conditions with such 
sequences or fragments thereof and DNA sequences, which because of the degeneration of the genetic code, do not 
hybridize under standard conditions with such sequences but which code for polypeptides having exactly the same 
amino acid sequence. 

"Standard conditions" for hybridization mean in this context the conditions which are generally used by a man 
20 skilled in the art to detect specific hybridization signals and which are described, e.g. by Sambrook et al., "Molecular 
Cloning" second edition, Cold Spring Harbour Laboratory Press 1989, New York, or preferably so called stringent 
hybridization and non-stringent washing conditions or more preferably so called stringent hybridization and stringent 
washing conditions a man skilled in the art is familiar with and which are described, e.g. in Sambrook et al. (s.a.). Fur- 
thermore DNA sequences which can be made by the polymerase chain reaction by using primers designed on the basis . 
25 of the DNA sequences disclosed herein by methods known in the art are also an object of the present invention. It is 
understood that the DNA sequences of the present invention can also be made synthetically as described, e.g. in EP 
747 483. 

Further aspects of the present invention concern a recombinant expression vector which carries one or more of the 
recombinant DNA molecule(s) defined above and a recombinant organism which carries the recombinant expression 
30 vector defined above and/or carries one or more recombinant DNA molecule(s) on a chromosome. 

A further aspect of the present invention concerns a process for producing a recombinant enzyme preparation hav- 
ing an alcohol and/or aldehyde dehydrogenase activity as defined above, which comprises cultivating a recombinant 
organism defined above in an appropriate culture medium and recovering said recombinant enzyme preparation. 

Another aspect of the present invention concerns a process for producing an aldehyde, ketone or carboxylic acid 
35 product from a corresponding substrate which comprises converting said substrate into the product by the use of a, 
recombinant organism as defined above. 

Moreover another aspect of the present invention concerns a process for producing 2-keto-L-gulonic acid which 
comprises the fermentation of a recombinant organism as defined above in an appropriate medium containing L-sor- 
bose and/or D-sorbitol. 

40 Another aspect of the present invention concerns a process for producing an aldehyde, ketone or carboxylic acid 
product from a corresponding substrate which comprises the incubation of a reaction mixture containing a recombinant 
enzyme preparation of the present invention. 

Further more another aspect of the present invention concerns a process for producing 2-keto-L-gulonic acid which 
comprises the incubation of a reaction mixture containing a recombinant enzyme preparation defined above and L-sor- , 

45 bose and/or D-sorbitol. 

It is also an object of the present invention to provide a process for the production of vitamin C from 2-keto-L- 
gulonic acid characterized therein that a process for the production of 2-keto-L-gulonic acid as described above is 
effected and the 2-keto-L-gulonic acid obtained by such process is transformed into vitamin C (L-ascorbic acid) by 
methods known in the art. 

so Before describing the present invention in more detail a short explanation of the attached figures is given. 

Figure 1 schematically illustrates the structures of the recombinant expression vectors each carrying the recom- 
binant DNA molecule which encodes the recombinant Enzyme A or B of the present invention. 

Figure 2 schematically illustrates the structures of the recombinant expression vectors each carrying the recom- 
binant DNA molecule which encodes the chimeric enzyme of the present invention. 
55 Figure 3 schematically illustrates the structures of the material plasmids each carrying the recombinant DNA mol- 
ecule containing tandem structural genes of Enzyme A and Enzyme B for constructing the chimeras by a homologous 
recombination method. 

Figure 4 illustrates the recombinant expression vectors each encoding the chimera Enzyme sA2, Enzyme sA21, 
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oST iJfp 0r EnZy o 6 SB> ft' 09 Preferable oodon USage ' wherein Enz y me sA2 has tn e structure of "Enzyme A part 
of No. 1-135, Enzyme B part of No. 136 - 180 and Enzyme Apart of No. 180 - 556", Enzyme sA21 has the structure o 
Enzyme Apart of No. 1-128. Enzyme B part of No. 129 - 180 and Enzyme Apart o No ^ I 556" Enzymfs/S has 
^nZttL^t^^ 25 - En ^ B P-*°^o. 126- 180 and Enzyme A^art oTno^80^556\ 
of No. 180 556 . These numbers are the ammo aod residue numbers of the mature enzyme amino acid sequences 

Figure 5 shows the alignment of the amino acid sequences of the mature Enzyme A and Enzyme B 
inventST construction schemes of the recombinant genes encoding chimeric enzymes of the present 

Figure 7 shows the restriction map of the genes of Enzymes A and B 

th» ^^tIlnfSt S H he construction ot cnimeric Senes by homologous recombination of two AADH genes in vivo at 

the conserved nucleotide sequences in both genes. 

Figure 9 shows a site-directed mutagenesis to introduce a BamHI site upstream of the Enzyme B gene 
Figure 1 0 illustrate a scheme of the replacement of the promoter for the Enzyme B gene ' 
xI? U ? A W Sh ° WS 9r3phS illus,ratin 9 the substrate specificity of chimeric enzymes of the invention 
The AADH genes of the present invention encode the AADH enzymes capable of catalyzing the oxidation of vari- 

°aucono b ^ ad ? hy Tr deSCnbed ^ SpecKka " y SpeaWn 9 ^particular genes of AADHs presem^n 
fluconobacter were cloned and expressed. Alternative sources in addition to Gluconobacter may well be found among 
the other organisms by the man skilled in the art using the teachings of the present invention 

MikriS'LnTnK erred ?' UCOnob * cter 03 * dans strain "as been deposited at the Deutsche Sammlung von 
Mikroorganismen in Gottingen (Germany) under DSM No. 4025. 

Moreover, a subculture of the strain has also been deposited in the Agency of Industrial Science and Technoloov 
lowin^steP^" 96neS r6C0mbinant ™croorganisms utilized in the present invention can be obtained by the fol- 

^^ISTS*^ 9enes fr om. achr o^osomal DNA by colony- or plaque-hybridization. PCR cloning. Western- 
blot analysis. Southern-blot hybridization and the like. 

(2) Determining the nucleotide sequences of such AADH genes by usual methods and constructing recombinant 
expression vectors which contain and express AADH genes efficiently. recomo.nant 

tor^oTon rSom^ m mbin K ar ! , mic ™ ganisms carr ^ recombinant AADH genes on recombinant expression vec- 
tors or on chromosomes by transformation, transduction, transconjugation and electroporation. 

Sc^ln'me tZ^T^ aPPNCable * ab0VS aSP6d ° f the PreSSnt inventi ° n are in ^ • 

1 q fi iv t T?i C o 0mOSOm l DNA T " be PUri,i6d by 3 P rocedure we " kno*n the art (Marmur J.. J. Mol. Biol. 3:208 
J£ « ^ , brary ° f the Strai " for Such genes be constructed with the chromosomal DNA and the vec 
tors described below ,r .detail. The genes encoding AADHs can be cloned in either plasmid or phage vectors f^m the 
total chromosomal DNA by the following methods: vwaors irom me 

t^t!?™!™! the . partia ' amino acid sequences of the purified enzyme, according to the sequence information 
synthesizing the oligonucleot-des. and selecting the objective gene from the gene library by Southern-blot- colony 
, or plaque-hybridization; ' 

il b il amP 1 h yin9 i he P f ial t^" 6 " 09 ° f the d6Sired 9ene by P^erase chain reaction (PCR) with the oligonucle- 
s fecnbed above asthe primers and with the PCR product as a probe, selecting the complete 
sequence of the objective gene from the gene library by Southern-blot-, colony-, or plaque-hybridization; 

SL^h^ arin \!, h l^ tib0 l y reaCti " 9 a9ainSt the desired en2 ^ e P rotein ** such a method as previously 
SZlrS h 9 ' •'" °, S E r 2ymo,og ^ voL 22L P 46. 1981 . and selecting the clone which expresses the desired 
polypeptide by immnunological analysis including Western-blot analysis: 

(iv) by aligning the amino acid sequences of the homologs to the one of the desired enzyme, selecting the amino 
TnJ^Z 85 ^ ^ W6 " C ° nSerVed> s ^ thesi2in 3 the oligonucleotides encoding the conserved sequences 
amplifying the partial sequence of the desired gene by PCR with the above oligonucleotides as the primers and 
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selecting the complete sequence as described above (ii). 

The nucleotide sequence of the desired gene can be determined by a well known method such as the dideoxy 
chain termination method with the M13 phage (Sanger F. ( et aL, Proc. Natl. Acad. Sci.USA, 24:5463-5467, 1977). 
5 By using the information of the so determined nucleotide sequence (in consideration of the codon usage) a gene 

encoding evolutionally divergent alcohol and/or aldehyde dehydrogenases, can be isolated from a different organism by 
colony- or Southern-hybridization with a probe synthesized according to the amino acid sequence deduced from said 
nucleotide sequence or by the polymerase chain reaction with primers also synthesized according to said information, 
if necessary. 

io To express the desired gene or generally speaking the desired DNA sequence of the present invention efficiently, 
various promoters can be used; for example, the original promoter of said gene, promoters of antibiotic resistance 
genes such as the kanamycin resistant gene of Tn5 (Berg, D. E., and C. M. Berg. 1983. Bio/Technology 1:417-435), the 
ampicillin resistant gene of pBR322, a promoter of the beta-galactosidase gene of Escherichia coli (lac), trp-, tac- trc- 
promoter, promoters of lambda phages and any promoters which can be functional in the hosts consisting of microor- 

75 ganisms including bacteria such as E. coli, P. putida, Acetobacter xyiinum, A. pasteurianus. A. acefi, A. hansenii and 
G. oxydans, mammalian and plant cells. 

Furthermore other regulatory elements, such as a Shine-Dalgamo (SD) sequence (for example, AGGAGG etc. 
including natural and synthetic sequences operable in the host cell) and a transcriptional terminator (inverted repeat 
structure including any natural and synthetic sequence operable in the host cell) which are operable in the host cell into 

20 which the coding sequence will be introduced can be used with the above described promoters. 

For the expression of periplasmic polypeptides (AADHs) a signal peptide, which contains usually 15 to 50 amino 
acid residues totally hydrophobic, is indispensable. A DNA encoding a signal peptide can be selected from any natural 
or synthetic sequence operable in the host cell. 

A wide variety of host/cloning vector combinations may be employed in cloning the double-stranded DNA. Cloning 

25 vector is generally a plasmid or phage which contains a replication origin, regulatory elemtents, a cloning site including 
a multi -cloning site and selection markers such as antibiotic resistance genes including resistance genes for ampicillin, 
tetracycline, kanamycin. streptomycin, gentamicin, spectinomycin etc. 

Preferred vectors for the expression of the DNA sequences of the present invention in E. coli are selected from any 
vectors usually used in E. coli, such as pBR322 or its derivatives including pUC18 and pBluescript II, pACYC177 and 

30 pACYCl84 (J. Bacterid., 134-1 141-1156, 1978) and their derivatives, and a vector derived from a broad host range 
plasmid such as RK2 and RSF1 01 0. A preferred vector for the expression of the DNA sequences of the present inven- 
tion InGluconobacter including G. oxydans DSM No. 4025 and P. putida is selected from any vectors which can repli- 
cate in Gluconobacter and/or P. putida, as well as a preferred cloning organism such as in E. coli. The preferred vector 
is a broad-host-range vector such as a cosmid vector like pVK102 and its derivatives and RSF1010 and its derivatives, 

35 and a vector containing a replication origin functional in Gluconobacter and another origin functional in E. coli. Copy 
number and stability of the vector should be carefully considered for stable and efficient expression of the cloned gene 
and also for efficient cultivation of the host eel! carrying the cloned gene: DNA molecules containing transposable ele- 
ments such as Tn5 can be also used as a vector to introduce the DNA sequence of the present invention into the pre- 
ferred host, especially on a chromosome. DNA molecules containing any DNAs isolated from the preferred host 

40 together with the desired DNA sequence of the present invention are also useful to introduce the desired DNA 
sequence of the present invention into the preferred host, especially on a chromosome. Such DNA molecules can be 
transferred to the preferred host by transformation, transduction, transconjugation or electroporation. 

Useful hosts may include microorganisms, mammalian cells, and plant cells and the like. As preferable microorgan- 
isms, there may be mentioned bacteria such as E. coli, P. putida, A. xytinum, A. pasteurianus, A. aceti, A. hansenii, 

45 G. oxydans, and any Gram-negative bacteria which are capable of producing recombinant AADHs. Functional equiva- . 
lents, subcultures, mutants and variants of said microorganism can be also used in the present invention. A preferred 
strain is E. coli K12 and its derivatives, P. putida or G. oxydans DSM No. 4025. 

The functional AADH encoding DNA sequence of the present invention is ligated into a suitable vector containing 
a regulatory region such as a promoter and a ribosomal binding site operable in the host cell described above using 

so well-known methods in the art to produce an expression plasmid. Structures of such recombinant expression vectors 
are specifically shown in Fig. 1, 2, 4. and 10. 

To construct a recombinant microorganism carrying a recombinant expression vector, various gene transfer meth- 
ods including transformation, transduction, conjugal mating (Chapters 14 and 15, Methods for general and molecular ■ 
bacteriology, Philipp Gerhardt et.al. ed., American Society for Microbiology, (1994), and electroporation can be used. . 

55 The method for constructing a recombinant organism may be selected from the methods well-known in the field of 
molecular biology. Usual transformation systems can be used for E. coli. Pseudomonas and Acetobacter. A transduc- 
tion system can also be used for E. coli. Conjugal mating systems can be widely used in Gram-positive and Gram-neg- 
ative bacteria including E. coli, P. putida and G. oxydans. A preferred conjugal mating method is described in 
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WO89/06688 The conjugation can occur in liquid media or on a solid surface. The preferred recipient is selected from 

nwkert uTualfv ^ ' S ?' ° SM N<X 4025 - Tothe reci P ierrt for con ^ ™tog, a selective 

marker is usually added, for example, res.stance against nalidixic acid or rifampicin is usually selected 

ranoTJf Pr ° V,C l! d ^ the present Mention catalyze the oxidation of alcohols and/or aldehydes and are thus 

aThmc P 22? n0 J aldehydeS ' ket0neS or carbox y ,ic acids from corresponding substrates E paSlar^he 
AADHs provided by the present invention can catalyze the oxidation of L-soribose to 2KGA v^a L-so^neTnd lor the 

and 8 TrespSly ' ami "° ^ Sequences shown in SEQ ID N <>- ,D NO. 5, 6. 7. 

t . ,„ E "^ A J an , d B 9 enes - wnicn ^ve the nucleotide sequences shown in SEQ ID NO. 1 2 3 and 4 resoec- 
l a d en ™* e polypeptides having the amino acid sequences shown in SEQ ID NO. 5. 6 7 ar5 sTetecSv 
can be derived from G. oxydans strain DSM No. 4025. ' res P ect,velv 

bv i^-n inC ' Udin9 f nZymSS A> A '' A " and B pr0Vided by the P fesent invention can be prepared independently 
by cult,vat,ng an approbate organ.sm. disrupting the cells and isolating and purifying them from cell free TxTacS cJ 
disrupted cells, preferably from the soluble fraction of the microorganism cei. tree extracts of 

mJIf r .^ 0mbinant or 9 a ™ sm s Provided in the present invention may be cultured in an aqueous medium suoole- 

4 rss r n tt 31 ,! nutriente under aerobic condi,ions - The cu,tivati ° n «** 2 ■ p Si 

Hi i P l erab ' y b6 J tWeen ab ° Ut 6 0 and 8 0 - Whi,e the P eriod ^ies Spending uj>n P H Secure 

and nutnent med.um used, usually 2 to 5 days wi.l bring about favorable results. A preferred temped , nSfcJS? 
ryrng out the cult.vation is from about 13°C to 45«C preferably from about 18°C to 42°C temp6ra,UrS ra " 9e for car 

n J^ USUa " y req , Uir6d * hat th€ CU,tUre medium contains such nutrients as assimilable carbon sources digestible 
n trogen sources and .norganic substances, vitamins, trace elements and other growth promoting fcSSTi aSmSa 
b e carbon sources, glycerol. D-g,ucose. D-mannitol. D-fructose. D-arabitol. D-sorbitol. US, aSelke cT£ 



«^H ari0US ° r ? aniC ° r inorganic substances may also be used as nitrogen sources, such as yeast extract meat extract 
peptone case.n. corn steep liquor, urea, amino acids, nitrates, ammonium salts and the like 7s norgaSc^bst^c«' 
magnesium sulfate, potassium phosphate, ferrous and ferric chlorides, calcium carbonate an T^S^SS^' 

(1) Enzyme activity 

and TZ^HHJ? *? PreSSnt inVe , nti ° n 08131X26 0xidation of alcohols and aldehydes including D-sorbitol L-sorbose 
and L-sorbosone ,n the presence of an electron acceptor according to the following reaction formula. 

Alcohol+ Electron acceptor Aldehyde + Reduced electron acceptor 

Alcohol+ Electron acceptor -» Ketone + Reduced electron acceptor 

Aldehyde + Electron acceptor -> Carboxylic acid + Reduced acceptor 

Sugar alcohol + Electron acceptor -* Aldose + Reduced electron acceptor 

Sugar alcohol + Electron acceptor Ketose + Reduced electron acceptor 

Aldehyde ketose+Electron acceptor -> Ketocarboxylic acid+Reduced electron acceptor 

Carboxylic acid+Electron acceptor -* Ketocarboxylic acid+Reduced electron acceptor 

mnm e ^ ZymeS d °^ 0t f! 26 m0 ' eCUlar OXy9en 35 an acceptor - *» an acceptor. 2.6-dichlorophenolindophenol 
(DCIP). pher.az.ne methosulphate (PMS). Wurster's blue, ferricyanide. coenzyme Q or cytochrome can be uSd 

DClpZ^rrj^ WaS « d6fined 35 th6 am ° Unt ° f 6n2yme which e-Wy^S^of? Se of 
□UP per minute. The extinction coefficient of DCiP at pH 8 0 was taken as is miuM Th* ^ n ^rM -*< L 

(1.0 ml) contained 0, mM DCIP. 1 mM PMS. 2 to 125 mM ^^Z : ^L2SSS^^^ 

vS of the enzyme so.ut.on. A reference cuvette contained all the above components except the subsSte 
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(2) Properties of the AADHs 

a) Substrate specificity and products of the enzymatic reaction 

The Enzymes A, A*, A M and B were characterized by their substrate specificities as described above using 8 sub- 
strates: n-propanol, isopropanol, D-glucose, D-sorbitoI, L-sorbosone, D-mannitol, L-sorbose, and D-fructose. The 
results are indicated in Table 1 . 



Table 1. Substrate specificity of the Enzymes A, A', A" and B 



(units/mg of purified protein) 


Substrate 


Enzyme A 


Enzyme A'* 


Enzyme A" 


Enzyme B 


50 mM n-Propanol 


139.6 


180.7 


262.3 


40.0 


50 mM Isopropanol 


76.8 


108.9 


154.9 


72.3 


50 mM D-Glucose 


2.4 


0.0 


17.8 


943.9 


125 mM D-Sorbitol 


14.0 


7.8 


30.1 


130.9 


2mM L-Sorbosone 


23.15 


5.0 


26.5 


73.6 


50 mM D-Mannitol 


7.1 


1.3 


6.2 


517.4 


125 mM L-Sorbose 


47.4 


1.6 


30.3 


8.4 


125 mM D-Fructose 


30.7 


2.9 


17.3 


2.1 



*: Values of the Enzyme A' was corrected by i. 5-fold, since purity of the enzyme was about 65%. 



Enzyme B showed a high reactivity for D-glucose or D-mannitol, but relatively low reactivity for n-propanol and iso- 
propanol. Enzyme A, Enzyme A' and Enzyme A" showed a high reactivity for n-propanol and isopropanol, but a low 
reactivity for D-glucose and D-mannitol; the enzymes showed similar substrate specificity patterns, except that the 
Enzyme A' had a very low reactivity for L-sorbose or D-fructose. 

Product(s) formed from a substrate in the reaction with Enzyme A, Enzyme A\ Enzyme A" or Enzyme B was ana- 
lyzed by thin layer chromatography (TLC) and/or high performance liquid chromatography (HPLC) with authentic com- 
pounds. Enzyme A, Enzyme A' and Enzyme A" (designated A group) converted D-sorbitol, L-sorbose, L-sorbosone, D- 
mannitol, and D-fructose to D-glucose with L-gulose, L-sorbosone with 2KGA, 2KGA, D-mannose, and 2-keto-D-glu- 
conic acid (2KD), respectively. Enzyme B (designated B group) converted D-glucose. D-sorbitol, L-sorbosone, D-man- 
nitol, L-idose, glycerol, D-gluconic acid, D-mannoic acid to D-gluconate, L-sorbose, 2KGA, D-fructose, L-idonic acid, 
dihydroxyacetone, 5-keto-D-gluconic acid, and 5-keto-D-mannoic acid, respectively. In the analogy to the reactivity for 
L-sorbosone, D-glucosone can be converted to 2KD by all of above mentioned AADHs; actually A group enzymes pro- 
duced, 2KD from D-fructose whose possible direct product is D-glucosone. All of the enzymes showed the activity for 
alcohols including sugar alcohol such as D-sorbitol and D-mannitol, and aldehydes including aldose such as D-glucose 
and ketose such as L-sorbosone. 

b) Optimum pH 

All the enzymes have their optimal point at pH 8.0 - 8.5 as shown in Table 2. The Enzymes A" and B have a rela- 
tively wide pH range toward a lower pH, compared with the Enzymes A and A'. 
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Table 2. Optimal pH of the enzymes 



70 



15 



20 



fRelative activity, 


PH 


Enzyme A 


Enzyme A' 


Enzyme A" 


Enzyme B 


o.U 


6.5 


2.1 


35.0 


21.0 


6.5 


13.0 


9.3 


57.3 


51.6 


7.0 


33.1 


22.5 


74.8 


61.6 


7.5 


57.7 


46.8 


90.0 


75.3 


8.0 


100.0 


100.0 


100.0 


100.0 


8.5 


113.2 


142.7 


85.6 


62.2 


9.0 


50.0 


2.1 


46.5 


8.0 


9.5 


19.6 


1.8 


23.9 


0.0 



c) pH stability 

Enzymes A, A\ A" and B were incubated in buffers of various pH-va!ues for 3 hours at 25 °C and the residual activ- 
25 it.es were assayed and expressed as relative values against that obtained by no incubation at pH8 Enzymes A A' A" 
and B were stable between pH 6 to 9 as shown in Table 3 ' 



Table 3. pH stability of the enzymes 



30 



35 



40 



45 



(Relative activity, %) 



4.0 


5.4 


0.0 


6.2 


enzyme t> 
25.2 


5.0 


32.0 


10.0 


77.9 


56.1 


6.0 


74.7 


82.7 


105.8 


100.9 


7.0 


76.9 


96.9 


100.9 


101.9 


8.0 


80.1 


100.0 


99.0 


114.0 


9.0 


60.1 


97.3 


100.9 


101.9 


10.0 


53.2 


85.4 


104.0 


85.5 


11.0 


31.0 


61.3 


79.2 


70.1 



50 



d) Thermal stability 

TableT reSldUal ^ treatment 0f the en ^ mes at 4 - 20. 30, 40, 50, and 60°C for 5 minutes are shown in 



55 



8 




EP0832 974 A2 



Table 4. Thermal stability of the enzymes 

(Relative activity, %) 



£ 


Temperature 


Enzyme A 


EnzymeA' 


Enzyme A" 


Enzyme B 




4°C 


100.0 


100.0 


100.0 


100.0 




20 °C 


91.5 


100.8 


96.0 


97.2 


10 


30 °C 


78.0 


103.6 


86.1 


95.4 




40 °C 


19.9 


78.9 


72.8 


84.6 




50 °C 


4.1 


0.6 


26.6 


29.2 


15 


60 °C 


2.9 


0.0 


13.3 


0.0 



e) Effect of metal ions and inhibitors 

20 

Remaining activities after the treatment of the enzymes with various metals and inhibitors are shown in Table 5. 
MgCI 2 and CaCl2 were nearly inert to the enzymes, while the other metal ions, especially CuClg. significantly affected 
the reactivity. EGTA and EDTA inhibited the Enzymes A, A' and A", remarkably. However, Enzyme B was less inhibited 
than the A group enzymes by EDTA and EGTA. 

25 

Table 5. Effect of metals and inhibitors on activities of the Enzymes A, A', A" and B. 



(Relative remaining activity) 



30 


Compound 


Enzyme 


A 


A' 


A" 


B 




Substrate 


L-Sorbose 


n-Propanol 


L-Sorbose 


D-Sorbitol 




5mMCoCl2 




16.6 


7.9 


46.9 


23.6 




5mM C11CI2 




0.0 


0.0 


0.0 


0.0 


35 


5mM ZnCl2 




1.5 


6.1 


19.2 


0.0 




5mM MgCl2 




96.3 


85.3 


78.8 


100.0 




5mM CaCb 




98.8 


95.3 


123.0 


102.9 


40 


5mM M11CI2 




0.0 


45.7 


0.0 


0.0 




5mM FeCl 2 




16.6 


0.0 


0.0 


5.9 




5mM FeCl 3 




7.8 


0.0 


44.7 


0.0 


45 


5mMNiS0 4 




42.7 


59.7 


90.3 


79.4 


lOmM EDTA 




43.1 


55.1 


52.6 


91.3 




lOmM EGTA 




20.4 


16.7 


56.4 


74.0 




ImMNaF 




98.2 


97.1 


94.9 


100.8 


SO 


2mMNEM 




91.7 


97.2 


94.9 


100.8 




ImMICHaCOONa 




97.2 


78.3 


95.3 


100.2 




0.5mM Hydroxyl- 




104.6 


98.8 


97.2 


102:1 


55 


amine-HCl 
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f) Molecular weight and subunit 

Enzymes A, A', A" and B purified from P. putida transconjugants consist of one type of unit with the molecular 
weight of about 64,000, 62,500, 62,500 and 60,000, respectively, as measured by sodium dodecyl sulfate polyacryla- 
5 mide gel electrophoresis. They can be heterodimers consisting of any two units of Enzymes A, A', A" and B when 
Enzymes A, A', A" and B genes/DNA sequences are expressed in the same host. 

g) N-terminal amino acid sequence 

10 N-terminal sequences of mature Enzymes A and B are 

Enzyme A : Gln-Val-Thr-Pro-Val-Thr — 
Enzyme A" : Blocked N-terminal residue 
Enzyme B : Gln-Val-Thr-Pro-lle-Thr-Asp-Glu-Leu-Leu-Ala— -. 

75 

N-terminus of the mature Enzyme A' is not determined because of an insufficient purity of the sample. 

(3) Production of the AADHs 

20 Cells are harvested from the fermentation broth by centrifugation or filtration. The cells are suspended in the buffer 
solution and disrupted by means of a homogenizer, sonicator or treatment with lysozyme and the like to give a disrupted 
solution of cells. 

AADHs are isolated and purified from a cell free extract of disrupted cells, preferably from the soluble fraction of the 
microorganisms by usual protein purification methods such as ammonium sulfate precipitation, dialysis, ion exchange 
25 chromatographies, gel filtration chromatographies, and affinity chromatographies. 

(4) Enzyme reaction 

Enzyme reaction was performed at pH values from about 6.0 to about 9.0 at the temperature of about 1 0°C to about 

30 50°C, preferrably of 20°C to 40°C in the presence of an electron acceptor, for example, DCIP, PMS, Wurster's blue, fer- 
ricyanide, coenzyme Q, cytochrome c and the like in a buffer such as Tris-HCI buffer, phosphate buffer and the like. The 
concentration of the substrate in a reaction mixture can vary depending on the other reaction conditions but, in general, 
is desirable to be about 1 - 200 g/l, most preferably from 1 - 100 g/l. 

In the enzyme reaction, AADHs may also be used in an immobilized state with an appropriate carrier. Any means 

35 of immobilizing enzymes generally known to the art may be used. For instance, the enzyme may be bound directly to 
membrane granules or the like of a resin having functional group(s), or it may be bound through bridging compounds 
having functional group(s), for example, glutaratdehyde, to the resin. 

The polypeptides provided by the present invention also include the derivatives prepared from the genes of AADHs 
consisting of Enzyme A, Enzyme A\ Enzyme A", and Enzyme B and the relatives prepared from the gene-homologues 

40 resulting from degeneracy of the genetic codon or any sequence of natural, synthetic or recombinant origin which has 
significant homology to the AADH genes. The derivatives can be functional mutants of the polypeptides identified by 
SEQ ID N05, SEQ ID N06, SEQ ID N07 and SEQ ID NO 8 which contain addition, deletion and/or substitution of one 
or more amino acid residue(s), wherein the said enzymatic polypeptide have alcohol and/or aldehydes dehydrogenase 
activity. The mutant genes can be prepared by treating AADH genes with a mutagen such as ultraviolet irradiation, X- 

45 ray irradiation, r ray irradiation or contact with a nitrous acid, N-methyl-N'-nitro-N-nitrosoguanidine (NTG), or other suit- 
able mutagens, or isolating a clone occurring by spontaneous mutation or by standard methods of in vitro mutagenesis 
known in the art. 

The derivatives of the AADH polypeptides also include chimeric recombinant enzymes between polypeptides iden- 
tified by SEQ ID N05, SEQ ID N06, SEQ ID N07 and SEQ ID NO 8. The chimeras can be prepared by combining two 

so or more parts of DNA sequences of the present invention in vitro at the conserved restriction site in both sequences 
with restriction enzymes and T4-ligase as shown in Fig. 6, or by recombining two AADH genes in vivo at the conserved 
nucleotide sequences in both genes as shown in Fig. 8. 

The derivatives of the AADH polypeptides also include polypeptides with additional polypeptides at the N-terminal, 
C-terminal and/or inside region of the AADH polypeptides. Enzyme B, Enzyme A/B25. and Enzyme A/B3 fused with 

55 cytochrome c polypeptides (17-18 kDa) of G. oxydans DSM 4025 at the C-terminus showed comparable AADH activ- 
ities with Enzyme B described in Example 4 in the conversion of Drsorbitol to L-sorbose, Enzyme A/B25 and Enzyme 
A/B3 both described in Example 14 in the conversion of L-sorbose to 2KGA. Thus, a relatively long polypeptide can be 
added or inserted to the AADHs provided by the present invention with remaining AADH activity. 
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The derivatives of the AADH polypeptides described above possibly show preferable characteristics such as a 
"desired substrate specificity, higher affinity to a substrate, lower affinity to an inhibitory, compound, higher stability 
against temperature and/or pH, and higher catalytic speed. As described in the working examples below, such deriva- 
tives would improve the productivity of the desired products. 
5 The enzymatic polypeptides of the present invention are usually produced in the form of dimers. Such dimers con- 

tain homodimers of Enzyme A, A', A" or B, or the derivatives including chimeras, and heterodimers consisting of two 
different enzymatic polypeptides mentioned above. Thus the recombinant enzyme preparation of the present invention 
also contain one or more of said homodimers and/or heterodimers. 

The recombinant organisms provided by the present invention are highly useful for the production of the recom- 
10 binant enzyme preparations of AADHs having an alcohol and/or aldehyde dehydrogenase activity. Said organisms are 
also useful for the production of aldehydes, carboxylic acids and ketones, especially, 2 KG A by utilizing said recom- 
binant enzyme preparations, and by utilizing said recombinant organisms. 

The production of 2KGA with the said recombinant organisms can be performed in the fermentation with the 
medium and culture conditions as described above. The production of 2 KG A may be performed with the recombinant 
is organisms described above together with the concomitant organisms such as E. coli, P. putida and Bacillus 
megaterium. 

Examples 

20 Example 1. Cloning of AADH genes 

(1) Construction of a genomic library of G. oxydans DSM No. 4025 

Chromosomal DNA was prepared as follows. G. oxydans DSM No. 4025 was cultivated on an agar plate containing, 

25 20 ml of NS2 medium consisting of 5.0% D-mannitol, 0.25% MgS0 4 •7H 2 0, 1.75% corn steep liquor, 5.0% baker's 
yeast (Oriental Yeast Co., Osaka, Japan), 0.5% CaC0 3 . 0.5% urea (sterilized separately) and 2.0% agar (pH 7.0 before 
sterilization) at 27°C for 3 days. The cells were collected from the agar plate, washed with 10 ml of 10 mM Tris-HCI 
buffer (pH 8.0) containing 1mM EDTA and resuspended in 5 ml of 10 mM Tris-HCI buffer (pH 8.0) containing 20 mM 
EDTA. The cell suspension was treated with lysozyme (Sigma Chemicals Co.. St. Louis, Mo., USA) at a final concen- 

30 tration of 400 jig/ml at 37°C for 30 minutes, then with pronase (400 units) at 37°C 30 minutes and with 1% SDS at 37°C 
for 1 hour. Chromosomal DNA was treated with phenol andRNase A (Boheringer Mannheim, GmbH, Mannheim, Ger- 
many) according to the method described by Maniatis et al. (Molecular cloning: a laboratory manual. Cold Spring Har- 
bor Laboratory, Cold Spring Harbor, N. Y, (1982). Chromosomal DNA (200 ^g) was digested with 168 units of Sail 
(Boehringer Mannheim ) at 37°C for 5 to 90 minutes. The resulting partially digested fragments of 15 - 35 kb were iso- 

35 lated by preparative agarose gel electrophoresis (agarose: 0.7%); the gel piece containing the desired fragments was 
cut out and the DNAs were electro-eluted from the gel into TAE buffer consisting of 40 mM Tris-acetate and 2 mM EDTA. 
Thus, 40 pg of the DNAs were obtained. In parallel, 8 \xq of the cosmid vector pVK102 (ATCC 37158) was completely 
digested with Sal\ and treated with calf intestine alkaline phosphatase (Boehringer Mannheim) according to the sup- 
plier's recommendation. pVK102 (0.4 \ig) was ligated with the 15-35 kb.Sa/l fragments (0.2 - 2 jig) by the ligation kit 

ao (Takara Shuzo Co. Ltd., Kyoto, Japan) at 26°C for 10 minutes. The ligated DNAs were then used for in vitro packaging 
according to the method described by the supplier (Amersham): mixing the ligated DNAs with the phage coat protein 
parts. The resulting phage particles were used to infect E. coli ED8767 (Murray, N. E., W. J. Brammarand K. Murray. 
Mol. Gen. Genet., 150:53-61 , 1977). About 3,000 Km r Tc s colonies were obtained and all of the colonies tested (24 col- 
onies) possessed the insert DNAs: its average size was 26.5 kb. Another cosmid library of G. oxydans DSM No. 4025 

45 containing 55,000 clones was constructed by using chromosomal DNA of G. oxydans DSM No. 4025 partially digested 
with EcoRI and inserting them into theEcoRI site of pVK100 by almost the same method described above. All of the 
colonies tested (24 colonies) possessed insert DNAs (average size; 27 kb). 

These two cosmid libraries in E. coli ED8767 were then transferred into E. coli S 17-1 (Tra + , Bio/Technology, 1:784- 
791 , 1983) by using the mixture of recombinant plasmid DNAs extracted from E. coli ED8767 libraries. About 4,000 Km r 

so transformants of E. coli S17-1 were picked up, cultivated individually in microtiter plates containing 100 *il of LB con- 
sisting of 10 g/l of Bactotrypton (Difco), 5 g/l of yeast extract (Difco) and 5 g/l of NaCI supplemented with 50 jig/ml kan- 
amycin at 37°C, and stocked with 1 5% glycerol at -80°C as cosmid libraries in E. coli S1 7-1 . 

The G. oxydans DSM No. 4025-Sa/l and -EcoRI cosmid libraries were constructed in E. coli S17-1. From the 
library, 1,400 clones were individually transferred from E. coli S17-1 into P. putida ATCC 21812 by conjugal mating. 

55 1 ,400 cultures stocked in microtiter plates at -80°C were thawed and transferred to microtiter plates containing 1 00 \i\ 
of fresh LB medium in each well with a plate transfer cartridge (Nunc) and cultivated at 37°C overnight. Nalidixic acid 
resistant (Nal r ) P. putida ATCC21812 was cultivated at 30°C overnight in 100 ml of MB medium consisting of 2.5% 
mannitol, 0.5% yeast extract (Difco Laboratories, Detroit, Mich.) and 0.3% Bactotryptone (Difco). Fifty fa! of the P. putida 
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t ?! *" Y x add6d t0 th6 1 A °° we,,S corrtainin 9 cul ^es of the cosmid library. The 1 .400 cell mixtures were 
spotted wrth plate transfer cartridges onto nitrocellulose filters placed on the surface of FB age* m^m^Zlnaoi 
J'tr S H e ' 1% ST* 6XtraCt (DifC0)l 1% P°'yP^e (Daigo Eiyo. Japan) and 1.8% aga aXuZ ZSSSSZ 
night. Nalidixic aod was used for the counter-selection of transconjugants against donor F. coli Z > ceE grown on the 

eSs £j!£r t. r r r t containin9 50 ^ ° f na,idixic acidSd » mS-ssss 

rp^nn^?! (M , K a9ar p,ate) and Incubated ,or 4 days at 27°C for the selection of transconjugants The 

7SZ Sfn l!K Were ? Streakin9 °" MNK agar P ' ateS 35 menti0ned ™* 1 .400 transconlugitsS 

P. pufttfa [gene library of G. oxydans DSM No. 4025 in P. putida) were prepared. 

(2) Immunological screening of clones of the AADH gene of G. oxydans DSM No. 4025. 

■nHiwt! f l r n *' 35 u- tra " scon ' u 9 ants < 1 75 from San library and 1 75 from EcoRI library) maintained MNK agar plates were 
indiv dually cultivated in test tubes containing 5 ml of MNK medium. The cells were collected from 15 ml l o eSoto 

mM S *HC ?oh7ZZT . ana ' y f ,t S f °" 0WS - Cd,S ^ 50 * Laemmli Si oSK^S 
- J~ . P 8 * ° % 9lyCero1, 5 % mer captoethanol and 2% SDS. The cell suspension was boiled for 3 minutes 
and 0 m« of the cel. lysate was app.ied on SDS-PAGE. The resulting protein bands weXnX^o Wott^ toTnTtS 
eel ulosef.lter by an electroblotting apparatus (Marysol Industrial Co., Ltd.) operated at 40 V 20C Tn^ tone ^oursin 2 5 

Tn ^BfL7^ 9lyCine , bUf, T PH 8 6 ' COntainin9 20 % me,han0L 

? an '" T T BS ^ fons.st.ng of 20 mM Tris. pH 7.5. and 500 mM NaCI. After a brief rinse in TTBS buffer consistmqof 
20 mM Tns. pH 7.5, 500 mM NaCI and 0.05% Tween 20, the filter was incubated for 1 hour with ^SSiftSS* 

ZT,h ™ by ™ x,n £ the ^ P rot6 ' ns P""** Tom G. oxydans DSM No. 4025 with incomplete adjuvant injecting the 
resulting mixture into a whrte rabbit twice with 2 weeks' interval, collecting whole blood 1 week after ie s^nStS 
and preparing the serum fraction as the anti-AADH antibody. Then, the filter was washed EjSwSj n SbS 

and fin TC?™ 2f 2? ' IUted Seco nd antlbody ,n 1768 containing 1% gelatin. After washing in TTBS buffer twice 

^osSrtn HfiV St Is'STr 6 " t S C °'? r de ? ,0Pin9 SOlUti ° n Un,i ' b ' Ue bands became visible with 
STenTo Z Jn?L? (Konica Tokyo. Japan) according to the supplier's recommendation. For an actual 

k?J, ,yS8te8 W6re m,X6d and applied 10 one wel1 ,or the fir s< Western-blot screening Out of 70 mixtures 
l^TeSiZT^Z SamPleS r Un °- reaCtiVe Pr ° teinS ° f Mr 64,00?, l^o oH h2 

S crefnS^n«f S r P 'f S Sh0win9 stron9 sio - nals at Mr 64 -°°° were individually subjected to a second Western-blot 
screening to identify the clone in each mixture. One positive done per one mixture samples was identified- olasmids of 
he seven clones were designated as p6E10. p16C8, p16F4, p17E8. P 1E2, P 24D4, and p26C3 "reject veiy ^ByTJstric 

and the other three carried different regions from that of the former four plasmids. 

(3) Screening of the AADH genes from the cosmid libraries by colony-blot and Southern-blot hybridization - 

To find the other AADH genes besides the genes obtained by the immunological screening as described above th* 
whole cosmid libraries of G. oxydans DSM No. 4025 in E. coli ED 8767 (Sa/l-lib™ a™ TSSSSS^ 
Kr e H ne l by t° ,0ny " ^ a**""*** hybridization with a 0.9 kb Sail foment of p24D4 The 0 9 to Sal Some* 
22?! ST 3 0li90nU f Cl !° tide Pr0be> AT ^CK3T(GATC)AC(GATC)AA(T 3 C)GT syleLedTcc^d^gfo^nTrna 

f P Yi G nMetSerThrGlu> wh,ch was obtained by digestion and sequenced by automatic qas-ohase seouencer 
SSSf T tSm f 47 ° A) - Ce " S °' thS C ° Smid ' ibrarieS were a PP-Priately diluted 
S a ,XlL™TlZ ?™ IT b '°f ** ° nt ° ny ' 0n fi,,6rS and W6re ana,yzed by hybridization wJh toe 
20 ISSSltSl and th? C0, ° r,,eS K Sh ° W f P ° Sitive Si9na ' S; 41 C0l0ni6s were sela ^ from the Sa/I library and 
w « . a ?rHl y ' d they were sub J ected t0 restriction enzyme analysis, followed by Southern-blot analysis Six 

ss^^STp^sss a D n N d A o?7E 8 ns w r soiated in this screening as ,oiiows: ,our i^us2i^sri! 

and SSa Thf rfht h! 2 £Z 8 ' a ^ tW ° nSW reS ' 0nS Wied on ^ se P arate P ,as ™ds designated as pSS31 
and pSS53. The other plasm.d pSS33 earned both of the two regions which were carried on p24D4 and pSS31 

(4) Immunological and enzymatic characterization of AADH clones 

«,« ^ estern - bl °' analysis 01 ce " 'y^es of P. puf/da carrying p24D4. p1 E2. p26C3, pSS31 and p1 7E8 showed that the 
five clones encoded proteins with molecular weights of about 64.000. 62,500, 62,500 60,000 anS 62 000 ^SeTy 
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Plasmid pSS33 encoded two immuno-reactive proteins with molecular weights of about 64,000 and 60,000. whereas 
pSS53 did not produce any irnmuno-reactive proteins. 

Enzyme activities of each clone (cell free extract, soluble fraction and membrane fraction) were measured by pho- 
tometric analysis. The cells of each clone were inoculated in 5 ml of MB medium in a test tube and cultivated at 30°C 
for 24 hours. The resulting broth was transferred into 200ml of fresh MB medium in 500 ml flask and the flask was 
shaken on the rotary flask shaker at 30°C for 24 hours. The cells were collected by centrifugation at 6,000 x g for 10 
minutes and washed with 40 ml of cold buffer consisting of 50 mM Tris-HCI, pH 7.5, 5mM MgCI 2 and 0.5 mM phenyl- 
methylsulfonyl fluoride and suspended with the same buffer to prepare cell suspension of 1 g wet cells per 5ml. The cell 
suspension was subjected twice to a French press cell disruptbr (1 ,500 kg/cm 2 ) and the resulting homogenate was cen- 
trifuged at 6.000 x g for 10 minutes to remove cell debris. Thus obtained cell free extract (CFE) was centrifuged at 
100,000 x g for 60 minutes. The resulting supernatant and pellet were collected as the cytosol fraction and the mem- 
brane fraction, respectively and subjected to PMS-DCIP assay as follows. The enzyme reaction mixture (1.0 ml) con- 
tained 100 DCIR imM PMS, 50 mM Tris malate-NaOH buffer, pH 8.0, a substrate and the enzyme (10 *il). 
Substrate-dependent decreasing rate of absorbance of DCIP at 600 nm was measured at 25°C by using a Kontron 
spectrophotometer UVIKON 810. Table 6 shows the level of enzyme activities in the cell free extract and the soluble 
fractions of the clones. According to the substrate specificity, the enzyme encoded on each plasmid was classified into 
large three groups. A-, B- and C-groups: A-group catalyzes the oxidation of L-sbrbose, D-sorbitd and 1-propanol; B- 
group catalyzes the oxidation of D-glucose and D-sorbitol; C-group showed no clearly detectable activities on the sub- 
strates used. In the A-group, there were three types, A, A' and A" each of which was distinguished from each other by 
their physical map of the DNA carried on each plasmid. B- or C-group each consisted of only one type of protein derived 
from one region of the chromosomal DNA. 
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w 



15 



20 



25 



Table 6. 




Enzyme 


Enzyme 


Plasmid 


CFE 












Group 


Name 




Sorbose 


Sorbose* 1 


Glucose*2 


Sorbitol*3 




n-Propanol 








125 mM 


125 mM 


50 mM 


125 mM 


2 mM 


50 mM 


A 


A 


p24D4 


+++ 


+++ 




+++ 


+++ 


++++ 


A 


A' 


plE2 


+ 


+ 




+ 


+ 


+ 


A 


A M 


p26C3 




+ 




+/- 






B 


B 


pSS31 








++ 


+ 


+ 


C 




p!7E8 






+/- 








AandB 


AandB 


PSS33 


+++ 


+++ 


++++ 


++++ 


+++ 


++++ 



Level of the activity; 



+ 

+/- 



very high 

high 

medium 

low 

trace 

not detected 



30 



35 



40 



45 



* 1 - *4:Oxidation product of each substrate was determined by a resting cell reaction 

followed by TLC analysis. 

* 1 : Oxidation product of L-sorbose by Enzymes A, A', A", and [A and B] was 

2KGA. 

*2: Oxidation product of D-glucose by Enzyme B, and Enzyems [A and B] was D- 
gluconic acid. 

*3: Oxidation product of D-sorbitol by Enzymes A, A', and A" was mainly D- glucose- 
that by Enzyme B was L-sorbose; and that by Enzymes [A and B] was mixture of D- 
glucose and L-sorbose. 

*4: Oxidation product of L-sorbosone by Enzymes A, A', A", B, and [A and B] 
was 2KGA. 



Example 2, Nucleotide seau^ng 
so D26 C3?^ P24D4 P 1E2 

Sai SuenSs 3? ' bP ,0n9 6nC0de 5?9 ' 579 " 578 and 579 amin ° acid ^ - ^uding 23 amino add or 
The homologies between Enzymes A. A', A" and B are shown in Table 7. 



55 
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Table 7. Homologies of amino acid sequences among AADHs. 



(%) 





Enzyme A 


Enzyme A' 


Enzyme A" 


Enzyme B 


Enzyme A 


100 








Enzyme A' 


89 


100 






Enzyme A" 


85 


86 


100 




Enzyme B 


83 


82 


81 


100 



75 Figure 5 shows the amino acid sequences of mature Enzyme A and Enzyme B which are aligned so as to be compa- 
rable. 

Homology search of Enzymes A, A\ A" and B revealed that Enzymes A, A', A M and B showed rather low homology (26 
-31% homology through the polypeptides) with several qui no-proteins including alcohol dehydrogenase of Acetobacter 
aceti (T. Inoue et al. a J. Bacteriol. 171: 31 15-3122) or Acetobacter poiyoxogenes (T. Tamaki et al., B. B. A., 1Q8§:292- 
20 300), and methanol dehydrogenase of Paracoccus denitrificans (N. Harms et al.. J. Bacteriol.. 3966-3975). Meth- 
ylobacterium organophilum (S. M. Machlin et al.. J. Bacteriol.. 17Q: 4739-4747), or Methylobacterium extorquens (D. J. 
Anderson et a!., Gene 9Q: 171-176). 

Example 3. Subcloning of AADH genes 

25 

Enzyme A gene was originally cloned as a cosmid clone of p24D4 which has about 25 kb insert in Eco Rl site of 
pVK100. Then, it was further subcloned to use as an Enzyme A gene cassette. The 2.7 kb EcoRV fragment which 
includes ORF of Enzyme A gene with about 500 bp of non-coding regions at the both ends was excised from 3.4 kb 
Nru\ fragment, which was isolated from p24D4 in M13 mp18, and was ligated to Hind\\\ site of pUC18 with Hind\\\ linker 

30 (CAAGCTTG). The resulting plasmid was designated pSSA202. Enzyme A gene cassette (2.7kb Hind\\\ fragment) was 
then inserted at Hind\\\ site of pVK102 to produce pSSA1 02 R. The plasmid pSSA102R was introduced into nalidixic 
acid resistant P. putida [ATCC 21812] by a conjugal mating method as described in Example 1-(1). The transconjugant 
of P. putida carrying pSSA102R was selected on MB agar medium containing 50 ^g/ml nalidixic acid and 10 ug/ml tet- 
racycline (MNT agar medium) and subjected to a mini-resting cell reaction. The reaction mixture (100 uJ) consisting of 

35 20 g/l L-sorbose. 3 g/l NaCI, 10 g/l CaC0 3 and the cells collected from the MNT agar culture with a toothpick was incu- 
bated at room temperature with gentle shaking for 24 hours. The reaction mixture was assayed with TLC and 2KGA was 
identified as the product, while no 2KGA was observed by the same resting cell reaction with the host, nalidixic acid 
resistant P. putida [ATCC 21812]. 

Enzyme B gene was originally cloned as a cosmid clone of pSS31 which has about 30kb insert in Sail site of 

40 pVK102. It was subcloned as 6.5kb 8^/11 fragment into BgfW site of pVKlOl (ATCC 37157) to obtain pSSB102. Then, it 
was further subcloned to use as a Enzyme B gene cassette. The 6.5 kb BgiW fragment was cloned into BamH\ site of 
pUC18 to obtain pSSB202. Then, 2.3 kb XhoW fragment was excised from pSSB202. The 2.3 kb XhoW fragment 
includes ORF of Enzyme B with 120 bp of 5'-noncoding region and about 500 bp of 3'-noncoding region. The fragment 
was treated with Klenow fragment to fill-in the cohesive ends and cloned into Hind\\\ site of pUCI 8 with HindlU linker to 

45 produce pSSB203. The Enzyme B gene cassette (2.3 kb HindlU fragment) was inserted at Hind\\\ site of pVK102 to 
make pSSB103R. The plasmid pSSB103R was introduced into nalidixic acid resistant P. putida [ATCC 21812] by a 
conjugal mating method, and the transconjugant of P. putida carrying pSSB103R was selected on MNT agar medium 
and subjected to a mini-resting cell reaction. P. putida carrying pSSB103R showed the Enzyme B actiuvity (L-sorbose 
formation from D-sorbitol) in the resting cell reaction. (Incidentally, XhoW fragment was found not to be a Xho\\-Xho\\ 

so fragment, but a Xho\\-Xho\ fragment as a result of nucleotide sequencing. Xhoi might be present in the XhoW prepara- 
tion.) 

Enzyme A' and Enzyme A" genes were originally cloned as a cosmid clone of p1E2 and p26C3 which have about 
30 kb insert in Sail site of pVK102 and further subcloned basically as described above. Enzyme A' gene in 3.5 kb Xholl 
fragment was subcloned in BglW site of pVK102 to construct pSSA'101 R, and Enzyme A" gene in 2.7 kb EcoRV frag- 
55 ment was first subcloned into M13mp19 and then re-subcloned between HindWl and Bg/H sites of pVK102 to construct 
pSSA w 102. 
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Example 4. Isolation and characterization of AADHg frnm tran s coniuoants of P M iH* 

(1) Cultivation of microorganisms 

D1E2* SS l ^^S 1 2n rry,n lTf d V6Ct0r PVK1 ° 2 ""W***- Enzyme A. A". A" and B genes; pSSA102R. 
S£ PSSB 03R, respectively, were cultivated in MB broth in the presence of antibiotic Antibiotics added 

into medium were as follows; 5 ng/ml tetracycline for pSSA102R (Enzyme A) and pSSB103F I (Enzyme B) ?5 *22 
kanamycn or P 1 E2 (Enzyme A') and P 26C3 (Enzyme A"). From the agar plate of MB contain^ th aS 

wS slees cTerTdavi^rr "r*? 5 ^ mb medium with 1,16 sssssssl 

m? or Zt JL i f/ 5 ° cu,t,vat,on - the ce,ls were transferred to ten 500 ml-Erlenmeyer flasks containing 
NnJTl^ 1 TMSf U Tr d CUltvated With ShaWn9 at 30 ° a After 1 da * of cultivation, the se J cultures were coS 
mmlo^t.1 «2i n * 18 T ° f ^ m8 * ,m h 30 L jar ,6rmenter < Marubishi ) and cultivated for iThourTwrnloO 
rpm ag tation and 1 .0 wm aerat,on at 30°C. The cells were harvested by centrifuge at 6,000 x g for 10 minutes washed 

nT m PM 0 5 J' terS °' " mM TriS - HCL PH 7 5 ' COntainin 9 5 mM CaC, 2 1 "IM MgC 2 . 0.2 M N C So« aS 
0.5 mM PMSF and stocked at -20»C until use. As a result, about 150 g wet weight elite were obtained 

(2) Purification of the cloned Enzymes A, A', A", and B. 

Purifications of the Enzymes A. A', A" and B were carried out by the same procedure with almost the same scale 
AH operate were earned out at 4 - 10-C unless otherwise stated. The enzyme activity determinate Tfor Enzyme A 
tl r h f W ? ^'^ ° Ut ^ thS SUbStrateS> L - S ° rbOSe - n -P ro P ano1 - n -P ro P ano1 ^ D-glucoTreJeS ^y 

2£ ~n? m T aSS3y Tr. dSSCribed Examp ' e 1 throu9hoirt the P urMon ^e cells (aboTi^g wet 
weight celte contaming 8 - 10 g of total proteins) were thawed and suspended in about 200 ml of 25 mM Tris HCI dH 
8.0. and disrupted by passing through French press (1500 kg/cm*) twice. Then. DNase and MgC were addeS to' the 
DmcZl * ^ COnCe " trati ° n 01 0 01 m 9™ and 1 «"M. respectively, to reduce viscosity of £Z££Z£Z 
wTtheto Z TrTHaZ? oH^T^ ? ^ X 9 ** 10 The ^nsionwas filled up to 240 ml 

Sin tL , L ' P 8 0, and centr,fu 9 ed at 100 -000 x g for 90 minutes to remove insoluble membrane 

a^CaC^l^^ZT'r 5 ""^ UP t0 240 m ' With the TriS and ' *«■ Pvrroloquinoiine quinone'pQo! 
and CaCIs were added at the f.nal concentration of 12.5 M M and 5 mM. respectively, and the solution was stirred vioor 
ously for 15 minutes at room temperature.. The soluble fraction prepared as above was fractionated ^bv^NH <S Thl 
fraction 35 - 60%-saturated (NH 4 ) 2 S0 4 was precipitated and resus^ended JtSSZSS? tS-HCH K?2hm 

CaC > , and i % SUCrOSG ^ then " PQQ W3S added a 9 ain at the final con^entSon of 12 o ^M The 
enzyme solution was dialyzed against 1000 ml of the same buffer (without PQQ) overnight Twenty qrams o f soHd ool 
yethylene glycol #6000 was added to the dialysate slowly with gentie stirring. After stirring torS^ST ZSSSL 

9ation at 10 ' 000 x 9 for 20 minutes - and the supematant was fil1 ^ -p ^SSSSSSZ 

The enzyme solution prepared as above was purified by following three chromatography steps. 
The first step: DEAE-Toyopearl 650M 

Tk e t !L Ude u enZyme SOlUti ° n WaS s^**** to a co| umn of DEAE-Toyopearl 650M (2.5x 40 cm) which had been 
Z ZloU^T 25 ^ s -™ er - P H containing 5 mM CaCI 2 . and5% sucrose.^ JuSvStSed wS 

Z rat oMSO mlm^ ThT d *" T T ^ ^ 2, °°° "* ° f ° ' °" 5 M NaC ' ,in6ar 9 radient in the a a 
flow rate of 150 ml/hour. The enzyme active fractions were pooled and diluted 2-fold with the buffer without NaCI. 

The second step: Q-Sepharose (Fast Flow) 

. . Tbe en2 y me solution was subjected to a column of Q-Sepharose (Fast Flow) (1 .5 x 20 cm) which had been eauili- 
brated with the buffer without NaCI. The column was washed with 200 ml of the buffer containing 0 2 M NaC? and^ the 
enzyme was eluted by 600 ml of 0.2 - 0.6 M NaCI linear gradient in the buffer at a flow rate of 50 mUhour The enzyme 
active fractions were pooled and concentrated to 2.5 ml by using u.trafilter:Amicon. PM-30 under n! ' gas. 

The third step: Sephacryl S-300 HR (gel filtration) 

ibratlStrpTnlw flrpT e u W 7 aSfiltrated by 3 C0 ' Umn ° f SephaCryl S - 300 HR ( 2 5 x 100 cm) which had been equil- 
ibrated w.th 25 mM HEPES. pH 7.5. containing 5 mM CaCI 2 . 5% sucrose, and 0.2 M NaCI. The column was developed 
by the same buffer al a flow rate of 20 m^hour. The enzyme active fractions were pooled and^ ^StraTSfc teZ , 
ml by the u.traf,lter mentioned above and. then, stocked at -80'C. The enzymes concentrated i^HEPES buSe^as 
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stable for at least 2 months at -80°C. 

Consequently, 26.0 mg of Enzyme A, 0.35 mg of Enzyme A\ 0.41 mg of Enzyme A", and 5.0 mg of Enzyme B were 
obtained. 

5 (3) Properties of the Enzymes A, A', A" and B. 

a) Molecular weight and subunit. 

The Enzymes A, A', A" and B were eluted at the same position from the same gel filtration column on Sephacryl S- 
io 300HR under the same condition. The molecular weight of the enzymes was estimated as approximately 1 35,000 com- 
paring with the molecular weight standard proteins (SDS-PAGE Standards, Low Range, Bio-Rad Laboratories, Rich- 
mond, CA, USA). The Enzymes A, A\ A" and B showed homogeneous single bands on SDS-PAGE analysis with 
molecular weights of 64,000, 62,500, 62,500 and 60,000, respectively. All the Enzyme bands A, A\ A" and B were 
detected on Western blotting analysis using anti-AADH rabbit serum. Therefore, it was concluded that the enzymes 
is consisted of two identical subunits as an homo-dimeric form. 

b) N-terminal amino acid sequence and amino acid composition. 

N-terminal amino acid sequences of the mature Enzymes A, A" and B were analyzed with automatic gas-phase 
20 sequencer (470A; Applied Biosystems) by Edman method [Acta Chem. Scand., 4, 283-293, {1 950)]. The analysis of the 
Enzyme A' was not done because of an insufficient purity of the sample. The results were as follows: 

Enzyme A : Gln-Val-Thr-Pro-Val-Thr— - 
Enzyme A" : Blocked N-terminal residue 
25 Enzyme B : Gln-Val-Thr-Pro-lle-Thr-Asp-Glu-Leu-Leu-AIa — . 

The determined sequences of Enzyme A and B were identical to the sequences (starting from the twenty-fourth resi- 
dues) deduced from the nucleotide sequences described in SEQ ID No. 5 and 8; these results indicate that the initial 
23 residues of the enzymes are the signal sequences. By analogy of the Enzymes A and B, the first 23 residues of 

30 Enzyme A' and A" are also deduced to be the signal sequences. 

The amino acid composition of the Enzyme A was determined. The protein was hydrolyzed with 6 N HCI at 1 1 0°C 
for 24 hours or 4 M methanesulfonic acid (after oxidation with performic acid) at 1 1 5°C for 24 hours. Amino acid analysis 
was performed by using Kontron amino acid analyzer (ninhydrin system). The analytical data were compared with the 
amino acid composition deduced from the DNA sequence of Enzyme A gene. It indicated that the purified Enzyme A 

35 was certainly a product of the Enzyme A gene. 

c) Substrate specificity 

The Enzymes A, A', A" and B were characterized by their substrate specif icities on PMS-DCIP assay as described 
AO above using 8 substrates, n-propanol, isopropanol, D-glucose, D-sorbitol, L-sorbosone, D-mannitol, L-sorbose. and D- 
fructose. The results were indicated in Table 1 . 

d) Physicochemical property 

45 Physicochemical studies of optimal pH, pH stability and thermal-stability, of the Enzymes A (as L-sorbose dehydro- 

genase activity), A' (as n-propanol dehydrogenase activity), A" (as L-sorbose dehydrogenase activity) and B (as D- 
sorbitol dehydrogenase activity), were performed by the PMS-DCIP assay. 

Table 2 summarizes the results of optimal pH of the enzymes. The enzyme activity was assayed by the PMS-DCIP 
spectrophotometry assay using various pH buffers. The buffers were 50 mM Tris-malate-NaOH, pH 6.0, 6.5. 7.0, 7.5, 

so 8.0 and 8.5; 50 mM glycine-NaOH, pH 9.0 and 9.5. The extinction coefficients of DCIP at pH 6.0. 6.5, 7.0, 7.5, 8.0, 8.5. 
9.0and9.5weretakenas10.8, 13.2, 14.5, 14.9, 15.0. 15.1, 15.1 and 15.1, respectively. All the enzymes showed their 
optimal points at pH 8.0 - 8.5. The Enzymes A" and B had relatively wide pH range toward lower pH, compared with the 
Enzymes A and A'. 

Table 3 indicates the results of pH-stabilities of the enzymes. The enzyme (about 0.01 mg/ml) was incubated with 
55 50 mM buffer containing 5% sucrose. 0.2 M NaCI, and 5mM CaCI 2 at 25°C for 3 hours and assayed by PMS-DCIP 
spectrophotometry method. The buffers were Na-acetate, pH4 and 5, Tris-malate-NaOH, pH 6, 7 and 8, glycine-NaOH, 
pH 9 and 10. The values in the table are expressed as relative activity against that obtained by no incubation at pH 8.0. 
The substrates used for the enzymes were 1 25mM L-sorbose for Enzymes A and A", 50 mM n-propanol for Enzyme A', 
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the Mi, (4 - 60-C) for 5 ZSSS^^S^^tSl^ 5j*T 31 temP6ratUre W,c " hd in 
activity was expressed as relative activity spectrophotometric method. Remaining 

were 125mM L-sorbose for EnzymeA ^?S5mf £ ,ncubat,oa The substrates used for the enzymes 
Enzyme B. After the treatoenSe e^Jme atZcio, s Tn f EnZyme A ' and 125 mM D * 0 <*™ for 

of Enzymes A'. A", and B were 70 sS 5 ^ the reS ' dUa ' aCtivity of A wa * 20%, and those 

e) General inhibitors 

orJn^ 
^ren™ 

especially CuC?, signtficanSy affected EffeS ?!2£r £ * t0 the 6nZymes ' while ^ ° ther tons. 
EDTA inhibited the Enzyme A A^S A" r2li m J** 6n * yme8 3re alSO included in Tabl * 5. EGTA and 

by EDTA and EGTA ' remarkabl * Howev <* Er *y™ B was less inhibited than the A group enzymes 

Example 5. Efficient nrortuction of Fn 7Y me b in P mi; 

fo,^ro1 g oTu^ replaced w«h that of ma.tose binding protein (ma.E) of E. co,i as 

and annealed togene^ T^SSS^^^ZXS^ ^ APP "? Bi ° SyStem 381 A DNA synthesizer 

w.thT4 polynucleotide kinase [J. Biol Chem 259 losoeinfif TTioa^T oooo (G n) ' which was ' then - treated 
the restriction enzyme SpM treatec I^W ii^^^ Vi^'f 888203 ($ee Example 3) was digested with 
ment carrying Enzyme B gen ^ ^ The re5U ' tin9 172 ** DNA,ra 9- 

due (Gin) of the mature Enzyme B^s isS ^ « S6qUenCe *" amin0 3Cid ^ 

expression vector. P Trc99A (Pharm^cTf^^^J^l after a9aroSe 9el electrophoresis. The E. coli 

(at ATG start codoJ) ^Sma^^'^^^^ "2 d Sf rt-d W '' th 1,16 restriction en ™ A/co. 
pTrcMal-EnzB and used to t^ ^tiS^n? ,ra9 ™ 6ntS - 1,16 r6SU,,in9 plasmid was designated as 
600 ml of LB with 100 poM arW.in a^C £ ^TG > Z S,^ f° m ^ ^ ' ' aSkS "* COntainin 9 
about 1 .5 OD600. Following the add ion nf iptc ? ha „ t0 01 mM when ce " concentration reached at 

harvested by «n«lS(I^SS ""^f? for additiona ' 3 " 4 hours - The cells were 

taining 20% sucrose % ^ '°°°r EDTA was added to T^SZ^ 5 °° ml ° f 30 mM TriS - HCI ' pH 80 ' con " 
gentle shaking for 5 minutes at 25«C and coHetfedTv V^JT ,1 nl suspens,or1 - the ce "s were incubated with 
resuspended with 500 mi of Ice Sd 5 Z Z^^2T^S^^°,l 9) at , 4X * 15 Mes ' The ce,ls were 
ce« suspension was centrifuged at 8.000 ^lHEStSSS2I f"" 6 Shatan9 for 5 minutes * The 
extract, which was found to contain the Enzvme B nrZn f^L J , u" 3 supernatant as a C °H osmotic shock 
- 60% by SDS-PAGE analysis The swem*a7ll«T, ( 7**% W&9M ° f 60,000) Wi,h puri * ™ re «™ 50 
at 25»C firstly with EDTA a, 10 mM SnSSSSj^^S^ 8d T PH 8 °' l ° 20 mM ' and 

10 minutes and .as«y with PQQ a 2 SSSTS^to^r^^fi:^ at 2 ° mM fin3 ' concen ™°n for 
competitive inhibitor) was added to 20 mV £ ^SSS i^t 1" °? ° f enZyme> (a 
f ied by following two chromatooraohies AH ? »h! ^ ? . supernatarrt - 1,15 E ^yme B was completely puri- 
which had been equlL^^ Sh» m^ ^^SJs^lSL^^ Q " Sepharose «*«" 0-» « « «,) 
and the Enzyme B was e.uted with 6o"ml c 0 0 4 M NaCI "? ? mM ^^'^-Slucoside. 

at about 0.25 M NaCI was collected and concenfrated to <ZZ in s ^ r he sam e buffer. A red protein peak eluted 
was passed through a S^y^SSS^^^JS J H (AmiC ° n) - ^ the Enz >™ B 
and 20 mM a-methyl-D-glucoside A red «m .™tT~i ^ J ' P ,8, conta,nin 9 0.2 M NaCI, 1 mM CaCI, 
coHected as thef^u^^ 

ers cultivation broth of E. coli. sequentiy. aoout 8 mg of the purrf.ed Enzyme B was obtained from 1 .2 lit- 
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having nalidixic acid resistance. A new host, GOS2, was isolated from the transconjugants, G. oxydans[DStsA No. 4025] 
carrying pVK102 by curing pVK102. A second host, GOS2R, was then derived from the GOS2 by adding rifampicin 
resistance (100 jig/ml), which enables easy selection of the transconjugants from the donor E. coli. The plasmid trans- 
fer frequency into GOS2R was 10' 3 ~ 10" 4 transconjugants/recipient. The 2KGA productivity of GOS2R, however, was 
about 10% lower than that of G. oxydans [DSM No. 4025J. The third host, GORS6-35, was obtained from G. oxydans 
[DSM No. 4025] by selecting the strain with rifampicin resistance, high 2 KG A productivity and relatively high compe- 
tence through a series of experiments, including the conjugation, curing and 2KGA fermentation. 

(1) Isolation of GOS2 

Resistance to nalidixic acid was added to G. oxydans [DSM No. 4025]. Ceils of G. oxydans [DSM No. 4025] were 
streaked onto Trypticase Soy Broth (BBL, Becton Dickinson Microbiology Systems Cockeysvilie, MD. USA) (T) agar 
medium with 50 \\Qlvc\ of nalidixic acid (TN agar medium) and incubated at 27°C for 5 days. The resulting colonies were 
again streaked on the same agar plates to obtain a nalidixic acid-resistant G. oxydans DSM No. 4025, GON. The 
broad-host-range cosmid pVK102 (Km r , Jo r ) was transferred from E. coli carrying pVK102 into the GON strain by the 
tri-parental conjugal mating as follows. A helper strain, E. coli carrying pRK2013 and a donor strain carrying pVK102 
were cultivated in LB medium with 50 ng/ml of kanamycin at 37°C overnight. The cultures were transferred to fresh LB 
medium with kanamycin and incubated for 5-6 hours. Recipient strain, GON, was cultivated in TN liquid medium at 30°C 
overnight. E. coli and GON strains were separately centrif uged and re-suspended in equal- and one tenth- volumn of 
fresh T medium, respectively. One hundred *il of each cell suspension was mixed together and 30 jil portion of the mix- 
ture was spotted onto a nitrocellulose filter placed on the surface of a NS2 agar plate. Transconjugants were selected 
on the T agar medium containing 50 ^ig/m\ of nalidixic acid and 50 jig/ml of kanamycin (TNK agar medium). Several 
colonies were obtained on the selection plates where many spontaneous mutants of E. coli (Nal r , Km r ) colonies also 
appeared. The plasmid and chromosomal DNAs of the transconjugant candidates were prepared and compared, with 
the authentic pVK1 02 and chromosomal DNA of G. oxydans DSM No. 4025 by restriction analysis and Southern-blot 
hybridization. Consequently, one transconjugant of G. oxydans [DSM No. 4025] carrying pVK102. GON8-1. was iden- 
tified. The plasmid DNA prepared from GON8-1 was identical to that of pVK102 and replicable in E. coli. The chromo- 
somal DNA of GON8-1 was identical to that of G. oxydans [DSM No. 4025]. 

To isolate strains that could work as hosts with higher competence for conjugal mating, the transconjugant GON8- 
1 was cured of the plasmid pVK102. GON8-1 was cultivated in T broth without antibiotics at 30°C for 2 days, 2% of the 
culture was transferred into fresh T broth. After three such cultivation cycles, the cells were spread on T agar plates, 
incubated at 27°C for 4 days, and the resulting colonies were picked onto TNK and TN agar plates to select Km s strains! 
One of the Km s strains was designated as GOS2 and was confirmed by Southern-blot hybridization not to be carrying 
any DNA region of pVK102. Then, pVK102 was transferred into strain GOS2 by a conjugal mating; this strain showed 
10 2 ~ 10 3 fold higher competence (namely 10' 5 ~ 10" 6 transconjugants / recipient) than G. oxydans [DSM No. 4025] 
did. 

(2) Isolation of GOS2R, a rifampicin-resistant mutant of GOS2. 

Rifampicin resistant (Rif r ) mutants from GOS2 were isolated through repeated transfer of GOS2 cells onto T agar 
medium containing 20 - 1 00 ^g/ml rifampicin; one of the Rif strains was designated as GOS2R. Strain GOS2R showed 
very high competence; 10' 2 - 10' 3 and 10" 4 transconjugants /recipient on TRK agar (T agar medium containing 100 
*ig/ml rifampicin and 50 ng/ml kanamycin) plate and on TRT agar (T agar medium containing 100 ^g/ml rifampicin and 
3 ng/ml tetracycline ) plate, respectively. 

2 KG A productivity from L-sorbose by GOS2R was compared with that of G. oxydans [DSM No. 4025]. The cells 
maintained on NS2 agar medium were inoculated into 5 ml of. the seed culture medium consisting of 8% L-sorbose 
(sterilized separtely), 0.05% glycerol, 0.25% MgS0 4 - 7H 2 0, 1.75% corn steep liquor, 5.0% baker's yeast, 1.5% 
CaC0 3 , and 0.5% urea (sterilized separately) (pH.7.0 before sterilization) and incubated at 30°C for 24 hours. The 
resulting seed culture (5 ml) was inoculated into a 500-ml Erlenmeyer flask containing 50 ml of the production medium 
PMS10 consisting of 10% L-sorbose, (sterilized separtely), 0.05% glycerol. 0.25% MgS0 4 • 7H 2 0, 3% corn steep liq- 
uor, 6.25% baker's yeast. 1.5% CaC0 3 , and 1.6% urea (sterilized separately) (pH 7.5 before sterilization) and incu- 
bated at 30°C for 4 days with shaking (180 rpm). The quantitative determination of 2KGA was assayed by high 
performance liquid chromatography GOS2R and G. oxydans [DSM No. 4025] produced 87.3 and 97.3 g/l of 2 KG A, 
respectively. 

(3) Isolation of GORS6-35 as a host with high 2KGA productivity 

To evaluate the self-cloning of AADH genes in the strain with the same productivity of 2 KG A from L-sorbose as G. 



19 



EP0 832 974 A2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Example 7. Constn irrtion of promntor-ro piaced Fnry mg r nana 

transferred into G0S2R by conjugal mating as described in Example 6 pSSPTn5-B. wh,ch were 

Example g. 2 KG A production bv tmng c oniuaants of GOS2R in flag* 

(D 2KGA production from L-sorbose by Enzyme-A gene-ampBf ied transconjugant in sing.e culture fermentation in H 
The Enzyme A plasmid. pSSA102R. and the vector plasmid. pVK102 were introduced into fio<»R hua , ■ , 

(2) 2KGA production from D-sorbitol by GOS2R (pSSB1 03R) in single culture fermentation in flask 
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inoculated into 5 ml of the seed culture medium consisting of 8% D-sorbitol, 0.05% glycerol, 0.25% MgS0 4 »7H 2 0, 
1 .75% corn steep liquor, 5.0% baker's yeast, 1 .5% CaC0 3 , and 0.5% urea (sterilized separately) (pH 7.0 before sterili- 
zation) and incubated at 30°C for 24 hours. The resulting seed culture (5 ml) was inoculated into a 500-ml Erlenmeyer 
flask containing 50 ml of three production media shown in Table 8 and incubated at 30°C for 3 days with shaking (180 
rpm). As a result, GOS2R (pSSB103R) produced about 61.5, 71.5 and 73.0 g/l of 2 KG A from 8%, 10% and 12% D- 
sorbitol, respectively, while GOS2R (pVK102) produced 19.5, 25.4 and 30.2 g/l 2KGA, respectively. 



Table 8. 






(%) 


Ingredients 


PMSL8 


PMSL10 


PMSL12 


D-Sorbitol 


8.0 


10.0 


12.0 


Glycerol 


0.05 


0.05 


0.05 


MgS04-7H20 


0.25 


0.25 


0.25 


CSL 


3.0 


3.0 


3.0 


Baker's yeast 


5.0 


6,25 


10 


Urea* 


1.25 


1.6 


2.0 


CaCQ3 


1.5 


1.5 


1.5 



pH 7.5 before sterilization 



*: sterilized separately 



(3) 2KGA production from D-sorbitol by GOS2R (pSSAP-B) and GOS2R (pSSPTn5-B) in single culture fermentation in 
flask. 

The cells of GOS2R (pSSAP-B), GOS2R (pSSPTn5-B) and GOS2R (pSSB103R), GOS2R (pVK100) were culti- 
vated in the PMSL10 production medium in Erlenmeyer flasks at 30°C for 3 days as described in Example 8 (2). The 
amounts of 2KGA produced were shown in Table 9. 



Table 9 





The amount of 2 KG A (g/l) 


Strain 


1 day 


2 days 


3 days 


GOS2R(pSSAP-B) 


47.2 


67.0 


67.7 


GOS2R(pSSPTn5-B) 


23.4 


28.6 


29.4 


GOS2R(pSSB103R) 


30.5 


54.3 


62.7 


GOS2R(pVKl00) 


10.2 


18.3 


19.3 


GOS2R 


6.7 


14.7 


16.4 



Example 9 2 KG A production from D-sorbitol in 3-L Jar fermentations bv single microorganism 
(1) Single culture fermentation by GOS2R (pSSB103R) 

Five ml portions of the seed culture prepared in test tubes as described in Example 8-(2) were transferred to four 
500-ml Erlenmeyer flasks containing 50 ml of the same seed culture medium and incubated at 30°C for 24 hours with 
shaking (180 rpm). The resulting broth (200 ml of the seed culture) was inoculated into 3-L jar fermentor containing 
1800 ml of the PMSL10 production medium containing 3ml of antifoam. The fermentor was operated at 30°C. 700 rpm 
and O.Swm. D-Sorbitol was fed in ways: (i) 200 ml of 50% D-sorbitol was fed in 6 hours from the 24 th to the 30 th hour; 
or (ii) 280 ml of 50% D-sorbitol was fed in 8.4 hours from the 24 th to the 32.3 th hour. As a result, 99.0 and 1 03;4 g/l 2KGA 
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were produced by the fed-batch fermentations (i) and (ii), respectively in 51 hours. 

gange^KOA production from Q^fajtsi by Enzyme R nen.-am plified GOS2 R i n m i vPd clt,,,, torm0 n^ 

(1) Mixed-culture fermentations with B. megaterium, E. coli and P. putida. 

vate^in^mShP SU"? t ™"' ^ ^ P ' pMa [ATCC 21812 J" 9 rowth factor ^pliers, were culti- 
vate tESo £ 2S!r*T °! 0 3% yeast extract (Di,co) - °- 3% beef Sei - 

yaKu loKyo, Japan). 3% corn steep liquor, 1% polypeptone (Kyokuto). 0 1% urea 0 1% kh,po nn?<y 

2S?«S?^B"SSr ai °1 t CaC ? (PH 71 b6fore Steri ' iZati ^ for 24 ^ "37 ^ reieZJ 
Stra.n GOS2R (pSSBl 03R) was culttvated in two test tubes containing 5 ml of the seed culture medium as described 
in Example 8-(2) at 30°C for 24 hours. Four ml of GOS2R ( P SSB103R) seed cultures and 3 5 ntoa^S^ « 
ptier seed cu.ture were inoculated to a 500-ml of Er,enmeyer-f.asK oorJ^^t^pSSS Sum fS" 
CaCO Z uTL^T 9 ° f ** D " SOrbit0, • ° M 9 S °4' 7H 2 0. 1% co- steep^iquor, 0.1%?h££. oS 
2S^i^ ( STJSh 8eP, T ,y) and , anti, ° am (0ne dr °P » er f,ask > <PH 7-0 before sterilization) and the flask 

~ Na 402, , coli HB101 and 

(2) Mixed culture fermentation of GOS2R (pSSAP-B) with E. coli in flask. 

Mixed culture fermentations by GOS2R (pSSAP-B) with E. coli was performed in the same manner as described 

Example 11 2KGA nroduction hv rft r pmbinant AAD^ 

dH 7 A 5 re smM n rTo Ur o COn / tai ^ 9 . 17 m 9 /ml of P uri,ied Enzyme A (purified according to Example 4). 50 mM Tris-HQ 

bated at 30'C J ^T"* (BSA) ' 1 mM PMS ' 20 ^ /ml p QQ- — « L-Ubc*. was inS 

™J i with gentle shakmg for 20 hours. As a result, about 2 g/l 2KGA (TLC assay) was produced 

E f ^ L rea »° T n m,XtUre containin 9 2 4 m 9/ml each of purified Enzyme A and Enzyme B (purified accordina to 

Kl 4) ; 2 T TriS " HC '' PH7 5 - 5 mM CaCI 2' 8 m 9 /ml BSA - 1m M pU 20 mm PQQ aS D-SS was 

alS^ 

Enzyme reactions with purified Enzyme A or Enzyem B and various substrates were performed as described in 
Example 11. The resulting products were identified by TLC and/or HPLC as shown in Table 10 
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Table 10 



Enzyme 


Substrate 


Product 


Enzyme A 


D-Sorbitol 


D-Glucose, L-Gulose 




L-Sorbose 


L-Sorbosone, 2KGA 




L-Sorbosone 


2 KG A 




D-Mannitol 


D-Mannose 




D-Fructose 


2KD 


Enzyme B 


D-Glucose 


D-Gluconic acid 




D-Sorbito! 


L-Sorbose 




L-Sorbosone 


2KGA 




D-Mannitol 


D-Fructose 




L-ldose 


L-ldonic acid 




Glycerol 


Dihydroxyacetone 




D-Gluconic acid 


5-Keto-D-gluconic acid 




D-Mannoic acid 


5-Keto-D-mannoic acid 


Enzyme A converted D-fructose to 2KD; this means that D-glucosone 
was also a product formed from D-fructose as the intermediate. 



Example 13. 2KGA and L-sorbose production bv a transconiuaant of P. putida 

A resting cell mixture (2 ml) containing 1% CaC0 3 , 0.3% NaCI, 1mM PMS, 5 ng/mJ PQQ. 2% L-sorbose and 10 
30 OD600 unit-cells of nalidixic acid resistant (Nal r ) P. putida [ATCC 21812] carrying pSSA102R or pVK100 was incubated 
at 30°G with gentle shaking for 17 hours. As a result, Nal r P: putida [ATCC 21812] carrying pSSA102R or pVK100 pro- 
duced 18.9 orO.O g/l of 2KGA, respectively. 

A resting cell mixture (2 ml) containing 1% CaC0 3 , 0.3% NaCI, 1mM PMS, 5 *ig/ml PQQ, 2% D-sorbitol and 10 
OD600 unit-cells of Nal r P. putida [ATCC 21812] with pSSB103R or with pVK100 was incubated at 30°C with gentle 
35 shaking for 17 hours. As a result, Nal r P. putida [ATCC 21812] carrying pSSB103R or with pVK100 produced 7.8 or 0.0 
g/l of L-sorbose, respectively. 

Example 14. Construction and characterization of chimera AADH enzymes 

40 (1) Construction of chimera AADH enzymes 

To alternate substrate specificity of AADH enzymes, a variety of chimera enzymes between Enzymes A and B were 
constructed. 

45 (i) Figure 2 shows the structure of the chimera genes by strategy I (restriction and ligation method). The restriction 

sites conserved in both genes, Ava I (nucleotide No. 603 of Enzyme A gene), EcoRI site (nucleotide No. 1084), and 
Sail site (nucleotide No. 1470) (Fig. 7) were used for the construction. First, Enzyme A and B gene cassettes (2.7 
kb and 2.3. kb Hind III fragments, respectively) were subcloned in the same direction in this order on pUCl8 to pro- 
duce the plasmid pSSAB201 , and Enzyme B and A gene cassettes were also subcloned in the same direction in 

so this order on pUCl8 to produce pSSBA201 (Fig. 3). After partial digestion of these plasmids with each restriction 

enzyme, resulting digests were ligated and used to transform E. coli JM109. Ampicill in resistant transformants 
were analyzed for their plasmids, and Enzyme A gene-headed and Enzyme B-headed chimera gene cassettes with 
the expected HindlW fragment size of 2.7 kb and 2.3 kb. respectively, were selected. Thus constructed chimera 
gene cassettes were introduced into Hind\\\ site of pVK102 to produce pSSA/B101 R, pSSA/B102R, pSSA/B103R. 

55 pSSB/A101R. pSSB/A102R. and pSSB/A103R which encode Enzyme A/B1. EnzymeA/B2, EnzymeA/B3, 
EnzymeB/A1, EnzymeB/A2, and. EnzymeB/A3, respectively, as shown in Fig. 2. These six plasmids were intro- 
duced into Nal r P. putida by a conjugal mating method as described in Example 1 . 
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enzymes. The principle ^m^^TtoS^^Z^ T"" 9 ^ SUbStrate Specificity 0< 
in one plasmid with selective martr ( i ) Si 5SS£iS^i!S2^^ * be recombinated te "dem 
co// cell with the linearized plasmid- ( ii Se tad t taStaSllSSS^ 9en6$ - and ,ransform rec A+ £ - 

DNAs by recombination between*'*. !I> H£i !? ^ Sh0Wmg Select,ve marker whf ch carry circularized 
which have *£?E££^ TW ° P,asraids P SSAB2 °' *<* PSSBA201 

shown in Fig. BE. coli JM1 S A* ^was tranSim^^ i. ?• With ^ ° f enz V me * as 

at frequency of 1 0 1 - 1 o 2 /pg D N A To\edn with dn a^c^ " nean2ed DNAs " Tra nsformants were obtained 

a resi correct re^ 

about two-thi,d of C-terminus was efficient to obt^n rhl!? Xho, ^ an ,ra 9ment m which Enzyme A gene lost 
the recombinants were c.ass^nto r^mbinaS sTa^T'ZT ° neM °' N " terminus - 
Sal\ and Ball (Fig 7) Thus co^s^H 9 P$ b ° rdered by restriction sites of three Smal. Sphl. 

(2) Characterization of chimera AADH enzymes 

(i) Characteristics of the chimeras obtained by restriction and ligation method 

thec™,::^^ 

Fig. 1 1 . Enzymes A/B1 and A/B3 showed L™Tl ' 1 Substrates were used for the evaluation as shown in 
.owerthanthatof B^^^J^^^^^^ ** ST* 0 " M ™ 
cificity. although activity on n-propanol (Enzyme A 3^1? ^ EnZyme B - type Subs,rate s P e " 
region from Enzyme A; the expression S^ntSSfiSS^ became u hl 9 her ,n accordans with the increase of the 
gene. As a result from the 'SSZZ ^S^^ZS!!^^ ^ 24 °" tha " *~ of wild Enz ^ e B 
onethirdregionofEnzymeAorVn^SS 

(ii) Characteristics of the chimeras obtained by homologous recombination method. 
recoS^ 

mera enzymes converted D-sorbito Tto ££££££ ^t^^^f*™? ^ S6Ven chi " 

to2KGAIike Enzyme A. The recombination siwISSk , nZyme A ' and ^rted L-sorbose 

2. This type of chimeras having an^P^a't^ describ ^ ^mpte 

B was classified as Enzyme superA-type There were hrl =„Z!. A °? Enzyme A + c - term| nal 7/9 of Enzyme 
nated site: Enzyme A/B2? (chimera conSstina c En 1 fnf 77 enz y mes according to the recombi- 

of No. 129 - sd), Enzyme ^^^^ZT^Jl^'Z^ N °' 1 " 128 and B Pa« 

B part of No. 126-556) and Enzym TSlcZeaZS^ t " l™™ *** r6Sidue Na 1 ' 125 and E ™y™ 
Enzyme B part of No. 136 - slZ P^SfabSSSZS ^ ^ ° f amin ° 3Cid r6Sidue Na 1 " 135 and 
Enzyme A/B25 converted D-sorSl to L^llTSlT.T^" 9 1*™* ° f Enzyme Bnz ^ or 

Enzyme A/B31 (EnzymeApSrartnoac^resiS 

itol to L-sorbose efficiently'and dW not SStlJ£i" £££T" h- ^ ° f Na 96 " 556) C0nVer,8d D " sorb " 
Expression level of above mentioned ch^««LfS * ? ' S Ch ' mera Showed Enz y me ^M* activity. 
Enzyme B gene contains " W " d Enzyme B bec ause it was found that 

(3) Improvement of codon usage in chimera genes 

To further improve the chimeras, Enzyme A/B21 Enzvme A/B22 Fn™ mQ a/doc ^ r- 
point of the preferable codon usage the C-terminal twr 7SZ rZ « ^ B2S a " d En2yme A/B31 in the view 
C-terminal two thirds consisting of ^•TSS SZSS? ? ^ reS ' dUeS ^ With the 

A/B31 genes were used for constructive* Sr! nfle f c ' EnZyme A/B22 ' Enzyme A/B25 and Enzyme 
No. 1 - 128. Enzyme B part W JSE£?Tn PTT'i? 21 (EnZymS A ^ ° f amino acid 

amino acid residue No. 1 125 En zyme B par"of No 126 S 1 Fn ' 7* EnZ/me SA22 (Enzyme A P art of 
(Enzyme A part of amino acid residue No ^ 135 Enzvmf B 1?^^ Par< ° f N ° 180 " 556) " Enzyme sA2 

and Enzyme sB (Enzyme A part of^JfSSK °S^Jb iS?^^ 0 ^ 18 ° " 556) 
of No. 180-556) (Fig. 4). Actually. h^^tSS^lttS; 
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partially digesting the plasmids, pUCl8 carrying Enzyme sA gene and Enzyme B/A1 gene and pUC 18 carrying 
Enzyme A/B31 gene and Enzyme B/A1 gene with Aval ligating the resulting digests, transforming E. cofi JM109, ana- 
lyzing the plasmid structure of the transformants by restriction analysis, and determining the nucleotide sequence to 
confirm the expected recombination site, Aval The replacement experiments for Enzyme sA21 and Enzyme sA22 were 
s performed by replacing the Hind\\\-Ssp\ fragment of pSSsA2 encoding N-terminal part of Enzyme sA2 with the corre- 
sponding Hind\\\-Ssp\ fragment containing recombinated site of Enzyme A/B21 or Enzyme A/B22 gene (Fig. 4). 

(4) Kinetic properties of chimera enzymes 

io Tables 1 1 and 12 summarizes the kinetic properties of chimera enzymes, Enzyme sA2 and Enzyme sB in compar- 
ison with Enzyme A and Enzyme B, respectively. 



Table 1 1 



75 


Enzyme sA2 vs Enzyme A 




Enzyme sA2 


Enzyme A 




Km sorbose 


128 mM 


36 mM 


20 


Km sorbito! 


2140 


388 




Km glucose 


20 





Products from L-sorbose in product assay with Enzyme sA2 and Enzyme A were 2KGA. Products from D-sorbitol in 
25 product assay with Enzyme sA2 and Enzyme A were L-sorbose with trace amount of D-glucose and D-glucose only, 
respectively. Thus, Enzyme sA2 showed desired characteristics for 2 KG A production from D-sorbitol; L-sorbose/L-sor- 
bosone dehydrogenase activity to produce 2 KG A from L-sorbose like Enzyme A and D-sorbitol dehydrogenase activity 
to produce L-sorbose from D-sorbitol like Enzyme B. 

30 

Table 12 



Enzyme sB vs Enzyme B 




Enzyme sB 


Enzyme B 


Km sorbitol 
K, sorbose 


61 mM 
150 


128 mM 
100 



In comparison with Enzyme B, Enzyme sB showed higher affinity to D-sorbitol and lower affinity to L-sprbose which is 
40 the oxidation product of D-sorbitol and inhibitor in the conversion of D-sorbitol to L-sorbose. 

Example 15. 2 KG A production from D-sorbitol bv GOS2R derivative strain amplified with chimera AADH enzymes 

For evaluating Enzyme sA2 and Enzyme sB, GOBAK and GO1 1 3 strains were constructed. GOBAK was made from 
45 GOS2R by deleting the whole Enzyme B gene and instead inserting 1 .28 kb Km r gene cassette isolated from pUC4K 

[4.1 kb, Km r , Amp r ; Pharmacia, Uppsala, Sweden; Viera, J., and Messing, J., Gene 12:259, (1982)] by using a suicide 

vector pSUP201 [Amp r , Cm r , mob + , a derivative of pBR325, Bio/Technology, 1:784-791 , (1 983)]. 

GOI13 was constructed from GOBAK by replacing wild Enzyme A gene with Enzyme sB gene and deleting wild 

Enzyme A" gene replaced with gentamicin (Gm) resistant gene cassette with the suicide vector pSUP202 [Amp r , Crn r , 
so Tc r , mob + , a derivative of pBR325, Bio/Technology, 1:784-791 , (1983)]. The Gm r gene cassette was designed to have 

Psfl site at both ends by PCR amplification with the DNA fragment Tn5-GM [Sasagawa et al.. Gene 56: 283-288. 

(1987)] as the template, and the resulting PCR product was inserted into Pst\ site of pUC4K to produce pUC8G; Gm r 

gene can be isolated from pUC8G by digesting with EcoRI, BamH\, Sail, or Pstl 

55 (1) Effect of Enzyme sA2 amplification in 2KGA production 

Plasmid pSSsA2, pVK100 with 2.7 kb Hind\\\ cassette containing Enzyme sA2 gene, and its control plasmid 
pSSA102R, pVK102 with 2.7 kb Hind\\\ cassette containing Enzyme A gene, were introduced into GOI13 by a con- 
jugal mating method as described in Example 6. The resulting transconjugants were cultivated in PMSL10 medium 
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o! IvZ! 0 ' 4 ^ &S , deSC L ribed in Exam P ,e a Q 0 |1 3 carrying P SSsA2 and P SSA102R produced 66 3 and38 5 o/I 

a^Z^iS4 4 and 259 " of 2KD of 2KGA pr * uced fr - D - sorbitol via SS2 

(2) Plasmids P SSsA21 and P SSsA22, which are pVK100 with 2.7 kb Hind\\\ cassettes containing Enzyme sA21 

S^^^S^T?^ 4X were introduced in, ° 30,13 by a 

Sen k2 f P f ' 1^ reSult ' nQ transcon J"gants were cultivated in PMSL1 0 medium at at 30«C for 4 days as 

(3) Effect of Enzyme sB in 2 KG A production 

Plasmid pSSsB. pVK100 with 2.7 kb H/ndlll cassette containing Enzyme sB gene (Fig 4) and its control olas 
mlS rn° R TK PVK102 23 * EnZyme B 96ne ' ^"trod'ueed into GOBAK £ a c^^Ima ? g 

desert 0 p Ca 7 y ^ SS f > G ° BDK Carryin9 PSSB1 ° 3R - and GOBAK were cultiv *ed in PMSL8 med"m as 
fipecively 52 °' 46 ' 8 ' and 1 ' 1 ^ of 2KGA - respectively, and 6.9. 9.3. 32.3 g/7of ™KD 

a nSPiil 3 ' whic A h . carrys one c °Py 01 Enz V me sB on the chromosomal DNA without wild genes of Enzyme B Enzyme 
A. and Enzyme A . was also cultivated in PMSL10 medium in 2 days. It produced 79.3 g/j I of L-sort>ose 

SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(i) APPLICANT 

NAME: F. HOFFMANN-LA ROCHE AG 

STREET: Grenzacherstrasse 124 

CITY: Basle 

COUNTRY: Switzerland 

POSTAL CODE: CH-4002 

TELEPHONE: 061 - 688 25 05 

FAX: 061-68813 95 

TELEX: 962292/965542 hlr c 

(ii) TITLE OF INVENTION: 

Novel Alcohol/Aldehyde Dehydrogenases 

(iii) NUMBER OF SEQUENCES: 12 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Macintosh 

(C) OPERATING SYSTEM: 

(D) SOFTWARE: MS word ver 5.1 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 1740 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: DNA (genomic) 

(iii) ORIGINAL SOURCE: 

ORGANISM: Gluconobacter oxydans 
STRAIN: DSM4025 

' 5 (iv) FEATURE: 

FEATURE KEY: CDS 
POSITIOIN: 1..1737 

30 SEQUENCING METHOD: E 





ATGAAACCGA 


CTTCGCTGCT 


TTGGGCCAGT 


GCTGGCGCAC 


TTGCATTGCT 


50 




TGGCGCACCC 


GCCTTTGCTC 


AAGTGACCCC 


CGTCACCGAT 


GAATTGCTGG 


100 


25 


CGAACCCGCC 


CGCTGGTGAA 


TGGATCAGCT 


ACGGTCAGAA 


CCAAGAAAAC 


150 




TACCGTCACT 


CGCCCCTGAC 


GCAGATCACG 


ACTGAGAACG 


TCGGCCAACT 


200 


30 


GCAACTGGTC 


TGGGCGCGCG 


GCATGCAGCC 


GGGCAAAGTC 


CAAGTCACGC 


250 


CCCTGATCCA 


TGACGGCGTC 


ATGTATCTGG 


CAAACCCGGG 


CGACGTGATC 


300 




CAGGCCATCG 


ACGCCAAAAC 


TGGCGATCTG 


ATCTGGGAAC 


ACCGCCGCCA 


350 


35 


ACTGCCGAAC 


ATCGCCACGC 


TGAACAGCTT 


TGGCGAGCCG 


ACCCGCGGCA 


400 


TGGCGCTGTA 


CGGCACGAAC 


GTTTACTTTG 


TTTCGTGGGA 


CAACCACCTG 


450 




GTCGCCCTCG 


ACACCGCAAC 


TGGCCAAGTG 


ACGTTCGACG 


TCGACCGCGG 


500 


40 


CCAAGGCGAA 


GACATGGTTT 


CGAACTCGTC 


GGGCCCGATC 


GTGGCAAACG 


550 




GCGTGATCGT 


TGCCGGTTCG 


ACCTGCCAAT. 


ACTCGCCGTT 


CGGCTGCTTT 


600 




GTCTCGGGCC 


AGGACTCGGC 


CACCGGTGAA 


GAGCTGTGGC 


GCAACTACTT 


650 


45 


CATCCCGCGC 


GCTGGCGAAG 


AGGGTGATGA 


GACTTGGGGC 


AACGATTACG 


700 




AAGCCCGTTG 


GATGACCGGT 


GCCTGGGGCC 


AGATCACCTA 


TGACCCCGTC 


750. 




AC CAACCTTG 


TCCACTACGG 


CTCGACCGCT 


GTGGGTCCGG 


CGTCGGAAAC 


800 


SO 


CCAACGCGGC 


ACCCCGGGCG 


GCACGCTGTA 


CGGCACGAAC 


ACCCGTTTCG 


850 




CGGTGCGTCC 


TGACACGGGC 


GAGATTGTCT 


GGCGTCACCA 


GACCCTGCCC 


900 
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CGCGACAACT GGGACCAGGA ATGCACGTTC GAGATGATGG TCACCAATGT 950 
GGATGTCCAA CCCTCGACCG AGATGGAAGG TCTGCAGTCG ATCAACCCGA 1000 
ACGCCGCAAC TGGCGAGCGT CGCGTGCTGA CCGGCGTTCC GTGCAAAACC 1050 
GGCACCATGT GGCAGTTCGA CGCCGAAACC GGCGAATTCC TGTGGGCCCG 1100 
TGATACCAAC TACCAGAACA TGATCGAATC CATCGACGAA AACGGCATCG 1150 
TGACCGTGAA CGAAGATGCG ATCCTGAAGG AACTGGATGT TGAATATGAC 1200 
GTCTGCCCGA CCTTCTTGGG CGGCCGCGAC TGGCCGTCGG CCGCACTGAA 1250 
CCCCGACAGC GGCATCTACT TCATCCCGCT GAACAACGTC TGCTATGACA 13 00 
TGATGGCCGT CGATCAGGAA TTCACCTCGA TGGACGTCTA TAACACCAGC 1350 
AACGTGACCA AGCTGCCGCC CGGCAAGGAT ATGATCGGTC GTATTGACGC 1400 
GATCGACATC AGCACGGGTC GTACGCTGTG GTCGGTCGAA CGTGCTGCGG 1450 
CGAACTATTC GCCCGTCTTG TCGACCGGCG GCGGCGTTCT GTTCAACGGT 1500 
GGTACGGATC GTTACTTCCG CGCCCTCAGC CAAGAAACCG GCGAGACCCT 1550 
GTGGCAGACC CGCCTTGCAA CCGTCGCGTC GGGCCAGGCC ATCTCTTACG 1600 
AGGTTGACGG CATGCAATAT GTCGCCATCG CAGGTGGTGG TGTCAGCTAT 1650 
GGCTCGGGCC TGAACTCGGC ACTGGCTGGC GAGCGAGTCG ACTCGACCGC 1700 
CATCGGTAAC GCCGTCTACG TCTTCGCCCT GCCGCAATAA 1740 
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INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 
s (A) LENGTH: 1740 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: DNA (genomic) 

(iii) ORIGINAL SOURCE: 

ORGANISM: Gluconobacter oxydans 
STRAIN: DSM4025 

15 (iv) FEATURE: 

FEATURED KEY: CDS 
POSITIOIN: 1..1737 

so SEQUENCING METHOD: E 







UblL 1 X 1 


GGTTGCGAGC 


GTTGCCGCGC 


TTGCAAGCTA 


50 




TAGCTCCTTT 


GCGCTTGCTC 


AAGTGACCCC 


CGTCACCGAT 


GAATTGCTGG 


100 


25 


CGAACCCGCC 


CGCTGGTGAA 


TGGATCAGCT 


ACGGTCAGAA 


CCAAGAAAAC 


150 




TACCGTCACT 


CGCCCCTGAC 


GCAGATCACG 


ACTGAGAACG 


TCGGCCAACT 


200 


30 


GCAACTGGTC 


TGGGCGCGCG 


GCATGCAGCC 


GGGCAAAGTC 


CAAGTCACGC 


250 


CCCTGATCCA 


TGACGGCGTC 


ATGTATCTGG 


CAAACCCGGG 


CGACGTGATC 


300 




CAGGCCATCG 


ACGCCAAAAC 


TGGCGATCTG 


ATCTGGGAAC 


ACCGCCGCCA 


350 


35 


ACTGCCGAAC 


ATCGCCACGC 


TGAACAGCTT 


TGGCGAGCCG 


ACCCGCGGCA 


400 




TGGCGCTGTA 


CGGCACCAAC 


GTTTACTTTG 


TTTCGTGGGA 


CAACCACCTG 


450 




GTCGCCCTCG 


ACACCGCAAC 


TGGCCAAGTG 


ACGTTCGACG 


TCGACCGCGG 


500 


40 


CCAAGGCGAA 


GACATGGTTT 


CGAACTCGTC 


GGGCCCGATC 


GTGGCAAACG 


550 




GCGTGATCGT 


TGCCGGTTCG 


ACCTGCCAAT 


ACTCGCCGTT 


CGGCTGCTTT 


600 




GTGTCGGGCC 


ACGACTCGGC 


CACCGGTGAA 


GAGCTGTGGC 


GCAACTACTT 


650 


45 


CATCCCGCGC 


GCTGGCGAAG 


AGGGTGATGA 


GACTTGGGGC 


AACGATTACG 


700 




AAGCCCGTTG 


GATGACCGGC 


GTCTGGGGTC 


AGATCACCTA 


TGACCCCGTT 


750 




GGCGGCCTTG 


TCCACTACGG 


CTCGTCGGCT 


GTTGGCCCGG 


CTTCGGAAAC 


800 


50 


CCAGCGCGGC 


ACCACCGGCG 


GCACCATGTA 


CGGCACCAAC 


ACCCGTTTCG 


850 




CTGTGCGTCC 


CGAGACTGGC 


GAGATCGTCT 


GGCGTCACCA 


AACTCTGCCC 


900 
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CGCGACAACT GGGACCAAGA GTGCACCTTC GAGATGATGG TTGCCAACGT 950 
TGACGTGCAG CCCGCAGCTG ACATGGACGG GGTCCGCTCG ATCAACCCGA 1000 
ACGCCGCCAC CGGCGAGCGT CGCGTTCTGA CCGGCGTTCC GTGCAAAACC 1050 
GGCACCATGT GGCAGTTCGA CGCCGAAACC GGCGAATTCC TGTGGGCCCG 1100 
TGACACCAGC TACGAGAACA TCATCGAATC GATCGACGAA AACGGCATCG 1150 
TGACCGTCGA CGAGTCGAAA GTTCTGACCG AGCTGGACAC CCCCTATGAC 1200 
GTCTGCCCGC TGCTGCTGGG TGGCCGTGAC TGGCCGTCGG CTGCGCTGAA 1250 
CCCCGATACC GGCATCTACT TTATCCCGCT GAACAACACC TGCATGGATA 13 00 
TCGAAGCTGT CGACCAGGAA TTCAGCTCGC TGGACGTGTA CAACCAAAGC 13 50 
CTGACCGCCA AAATGGCACC GGGTAAAGAG CTGGTTGGCC GTATCGACGC 1400 
CATCGACATC AGCACAGGCC GCACCCTGTG GACCGCTGAG CGCGAAGCCT 1450 
CGAACTACGC GCCTGTCCTG TCGACCGCTG GCGGCGTTCT GTTCAACGGC 1500 
GGCACCGACC GTTACTTCCG CGCTCTCAGC CAAGAGACCG GCGAGACCCT 1550 
GTGGCAGACC CGTCTGGCGA CTGTCGCTTC GGGCCAAGCT GTCTCGTACG 1600 
AGATCGACGG CGTCCAATAC ATCGCCATCG GCGGCGGCGG CACGACCTAT 1650 
GGTTCGTTCC ACAACCGTCC CCTGGCCGAG CCGGTCGACT CGACCGCGAT 1700 
CGGTAATGCG ATGTACGTCT TCGCGCTGCC CCAGCAATAA 1740 
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INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 1737 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: DNA (genomic) 

(iii) ORIGINAL SOURCE: 

ORGANISM: Gluconobacter oxydans 
STRAIN: DSM4025 

(iv) FEATURE: 

FEATURE KEY: CDS 
POSITIOIN: 1..1734 
50 SEQUENCING METHOD: E 

ATGAAACTGA CGACCCTGCT GCAAAGCAGC GCCGCCCTGC TTGTGCTTGG 50 

CACCATTCCC GCCCTTGCCC AAACCGCCAT CACCGATGAA ATGCTGGCGA 100 

ACCCGCCCGC TGGTGAATGG ATCAACTACG GTCAGAACCA AGAGAACTAC 15.0 

CGCCACTCGC CCCTGACGCA GATTACCGCA GACAACGTCG GCCAACTGCA 2 00 

ACTGGTCTGG GCGCGCGGTA TGGAAGCGGG CAAGATCCAA GTGACCCCGC 2 50 

TTGTCCATGA CGGCGTCATG TATCTGGCAA ACCCCGGTGA CGTGATCCAG 300 

GCCATCGACG CCGCGACCGG CGATCTGATC TGGGAACACC GCCGCCAACT 3 50 

GCCGAACATC GCCACGCTGA ACAGCTTTGG TGAGCCGACC CGCGGCATGG 400 

CCCTCTATGG CACCAACGTC TATTTCGTCT CGTGGGACAA CCACTTGGTC 450 

GCGCTGGACA CCTCGACCGG C C AAGTCGT A TTCGACGTCG ATCGCGGTCA 500 

40 AGGCACGGAT ATGGTCTCGA ACTCGTCCGG CCCGATTGTC GCCAATGGCG 550 

TCATCGTTGC GGGCTCGACC TGTCAGTATT CGCCGTTCGG CTGTTTCGTT 600 

TCGGGCCACG ACTCGGCCAC CGGTGAAGAG CTGTGGCGCA ACAACTTTAT 650 

45 CCCGCGCGCC GGCGAAGAGG GTGATGAGAC CTGGGGCAAT GATTACGAGG 700 

CCCGCTGGAT GACCGGCGTT TGGGGCCAGA TCACCTATGA CCCCGTTGGC 7 50 

GGCCTTGTCC ACTACGGCAC CTCAGCAGTT GGC CCTGCGG CCGAGATTCA 800 

50 

GCGCGGCACC GTTGGCGGCT CGATGTATGG CACCAACACC CGGTTTGCTG 850 

TCCGCCCCGA GAGCGGCGAG ATCGTCTGGC GTCACCAAAC TCTGCCCCGC 900 

55 



25 



30 



35 
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GACAACTGGG ACCAAGAGTG TACGTTCGAG ATGATGGTCG TCAACGTCGA 950 
CGTCCAGCCC TCGGCTGAGA TGGAAGGCCT GCACGCCATC AACCCCGATG 1000 
CCGCCACGGG CGAGCGTCGC GTTGTGACCG GCGTTCCGTG CAAGAACGGC 1050 
ACCATGTGGC AGTTCGACGC CGAAACCGGC GAATTCCTGT GGGCGCGCGA 1100 
CACCAGCTAT CAGAACCTGA TCGAAAGCGT CGATCCCGAT GGTCTGGTGC 1150 
ATGTGAACGA AGATCTGGTC GTGACCGAGC TGGAAGTGGC CTATGAAATC 1200 
TGCCCGACGT TCCTGGGTGG CCGCGACTGG CCGTCGGCTG CGCTGAACCC 1250 
CGATACTGGC ATCTATTTCA TCCCGCTGAA CAACGCCTGT AGCGGTATGA 1300 
CGGCTGTCGA CCAAGAGTTC AGCTCGCTCG ATGTGTATAA CGTCAGCCTC 1350 
GACTATAAAC TGTCGCCCGG TTCGGAAAAC ATGGGCCGTA TCGACGCCAT 1400 
CGACATCAGC ACCGGCCGCA CGCTGTGGTC GGCTGAACGC TACGCCTCGA 1450 
ACTACGCGCC TGTCCTGTCC ACCGGCGGCG GCGTGCTGTT CAACGGCGGC 1500 
ACCGACCGTT ACTTCCGCGC CCTCAGCCAA GAGACGGGCG AGACGCTGTG 1550 
GCAGACCCGT CTGGCGACTG TCGCCTCGGG TCAAGCGATT TCCTATGAGA 1600 
TCGACGGCGT GCAATATGTC GCCATCGGGC GCGGCGGCAC CAGCTATGGC 1650 
AGCAACCACA ACCGCGCCCT GACCGAGCGG ATCGACTCGA CCGCCATCGG 1700 
CAGCGCGATC TATGTCTTTG CTCTGCCGCA GCAGTAA 1737 
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INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
s (A) LENGTH: 1740 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: DNA (genomic) 

(iii) ORIGINAL SOURCE: 

ORGANISM: Gluconobacter oxydans 
J5 STRAIN: DSM4025 

(iv) FEATURE: 

FEATURE KEY: CDS 
POSITIOIN: 1..1737 

SEQUENCING METHOD: E 





ATGAACCCCA 


CAACGCTGCT 


TCGCACCAGC 


GCGGCCGTGC 


TATTGCTTAC 


50 


25 


CGCGCCCGCC 


GCATTCGCGC 


AGGTAACCCC 


GATTACCGAT 


GAACTGCTGG 


100 




CGAACCCGCC 


CGCTGGTGAA 


TGGATTAACT 


ACGGCCGCAA 


CCAAGAAAAC 


150 


30 


TATCGCCACT 


CGCCCCTGAC 


GCAGATCACT 


GCCGACAACG 


TTGGTCAGTT 


200 


GCAACTGGTC 


TGGGCCCGCG 


GGATGGAGGC 


GGGGGCCGTA 


CAGGTCACGC 


250 




CGATGATCCA 


TGATGGC GTG 


ATGTATCTGG 


CAAACCCCGG 


TGATGTGATC 


300 


35 


CAGGCGCTGG 


ATGCGCAAAC 


AGGCGATCTG 


ATCTGGGAAC 


ACCGCCGCCA 


350 


ACTGCCCGCC 


GTCGCCACGC 


TAAACGCCCA 


AGGCGACCGC 


AAGCGCGGCG 


400 




TCGCCCTTTA 


CGGCACGAGC 


CTCTATTTCA 


GCTCATGGGA 


CAACCATCTG 


450 


40 


ATCGCGCTGG 


ATATGGAGAC 


GGGCCAGGTC 


GTATTCGATG 


TCGAACGTGG 


500 




ATCGGGCGAA 


GACGGCTTGA 


CCAGTAACAC 


CACGGGGCCG 


ATTGTCGCCA 


550 




ATGGCGTCAT 


CGTCGCGGGT 


TCCACCTGCC 


AATATTCGCC 


CTATGGATGC 


600 


45 


TTTATCTCGG 


GGCACGATTC 


CGCGACGGGT 


GAGGAGCTGT 


GGCGCAACCA 


650 




CTTTATCCCG 


CAGCCGGGCG 


AAGAGGGTGA 


CGAGACTTGG 


GGCAATGATT 


700 




TCGAGGCGCG 


CTGGATGACC 


GGCGTCTGGG 


GTCAGATCAC 


CTATGATCCC 


7 50 


50 


GTGACGAACC 


TTGTGTTCTA 


TGGCTCGACC 


GGCGTGGGCC 


CAGCGTCCGA 


800 




AACCCAGCGC 


GGCACGCCGG 


GCGGCACGCT 


GT ATGGG AC C 


AACACCCGCT 


850 
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TTGCGGTGCG TCCCGACACG GGCGAGATTG TCTGGCGTCA CCAGACCCTG 900 
CCGCGCGACA ACTGGGACCA AGAATGCACG TTCGAGATGA TGGTCGCCAA 950 
CGTCGATGTG CAACCCTCGG CCGAGATGGA GGGTCTGCGC GCCATCAACC 1000 
CCAATGCGGC GACGGGCGAG CGCCGTGTGC TGACGGGTGC GCCTTGCAAG 1050 
ACCGGCACGA TGTGGTCGTT TGATGCGGCC TCGGGCGAAT TCCTGTGGGC 1100 
GCGTGATACC AACTACACCA ATATGATCGC CTCGATCGAC GAGACCGGCC 1150 
TTGTGACGGT GAACGAGGAT GCGGTGCTGA AAGAGCTGGA CGTTGAATAT 12 00 
GACGTCTGCC CGACCTTCCT GGGTGGGCGC GACTGGTCGT CAGCCGCACT 1250 
GAACCCGGAC ACCGGCATTT ACTTCTTGCC GCTGAACAAT GCCTGCTACG 1300 
ATATTATGGC CGTTGATCAA GAGTTTAGCG CGCTCGACGT CTATAACACC 1350 
AGCGCGACCG CAAAACTCGC GC CGGGCTTT GAAAATATGG GCCGCATCGA 1400 
CGCGATTGAT ATCAGCACCG GGCGCACCTT GTGGTGGGCG GAGCGCCCTG 1450 
CGGCGAACTA CTCGCCCGTT TTGTCGACGG CAGGCGGTGT GGTGTTCAAC 1500 
GGCGGGACCG ACCGCTATTT CCGTGCCCTC AGCCAGGAAA CCGGCGAGAC 1550 
TTTGTGGCAG GCCCGTCTTG CGACGGTCGC GACGGGGCAG GCGATCAGCT 1600 
ACGAGTTGGA CGGCGTGCAA TATATCGCCA TCGGTGCGGG CGGTCTGACC 1650 
TATGGCACGC AATTGAACGC GCCGCTGGCC GAGGCAATCG ATT CGACCTC 1700 
GGTCGGTAAT GCGATCTATG TCTTTGCACT GCCGCAGTAA 1740 
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INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 579 residues 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) ORIGINAL SOURCE: 

ORGANISM: Gluconobacter oxydans 
STRAIN: DSM4025 

(iv) FEATURE: 

FEATURE KEY: sig peptide 
POSITION: -23..-1 
SEQUENCING METHOD: E 
FEATURE KEY: mat peptide 
POSITION: 1..556 

SEQUENCING METHOD: E 

Met Lys Pro Thr Ser Leu Leu Trp Ala Ser Ala Gly Ala Leu Ala 
-20 -15 -10 

Leu Leu Ala Ala Pro Ala Phe Ala Gin Val Thr Pro Val Thr Asp 
-5 1 5 

Glu Leu Leu Ala Asn Pro Pro Ala Gly Glu Trp lie Ser Tyr Gly 
10 15 20 

Gin Asn Gin Glu Asn Tyr Arg His Ser Pro Leu Thr Gin lie Thr 
25 30 35 

Thr Glu Asn Val Gly Gin Leu Gin Leu Val Trp Ala Arg Gly Met 
40 45 50 

Gin Pro Gly Lys Val Gin Val Thr Pro Leu lie His Asp Gly Val 
55 60 65 

Met Tyr Leu Ala Asn Pro Gly Asp Val He Gin Ala He Asp Ala 
70 75 80 

Lys Thr Gly Asp Leu He Trp Glu His Arg Arg Gin Leu Pro Asn 
85 90 95 
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He Ala Thr Leu Asn Ser Phe Gly Glu Pro Thr Arg Gly Met Ala 
100 105 110 

Leu Tyr Gly Thr Asn Val Tyr Phe Val Ser Trp Asp Asn His Leu 
115 120 12 5 

Val Ala Leu Asp Thr Ala Thr Gly Gin Val Thr Phe Asp Val Asp 
130 135 140 

Arg Gly Gin Gly Glu Asp Met Val Ser Asn Ser Ser Gly Pro He 
145 150 155 

Val Ala Asn Gly Val He Val Ala Gly Ser Thr Cys Gin Tyr Ser 
160 165 17Q 

Pro Phe Gly Cys Phe Val Ser Gly His Asp Ser Ala Thr Gly Glu 
175 180 185 

Glu Leu Trp Arg Asn Tyr Phe He Pro Arg Ala Gly Glu Glu Gly 
190 195 " 200 

Asp Glu Thr Trp Gly Asn Asp Tyr Glu Ala Arg Trp Met Thr Gly 
205 210 ~ 215 

Ala Trp Gly Gin He Thr Tyr Asp Pro Val Thr Asn Leu Val His 
220 225 230 

Tyr Gly Ser Thr Ala Val Gly Pro Ala Ser Glu Thr Gin Arg Gly 
235 240 245 

Thr Pro Gly Gly Thr Leu Tyr Gly Thr Asn Thr Arg Phe Ala Val 
250 255 260 

Arg Pro Asp Thr Gly Glu He Val Trp Arg His Gin Thr Leu Pro 
2 65 270 275 

Arg Asp Asn Trp Asp Gin Glu Cys Thr Phe Glu Met Met Val Thr 
280 285 290 

Asn Val Asp Val Gin Pro Ser Thr Glu Met Glu Gly Leu Gin Ser 
295 300 305 

He Asn Pro Asn Ala Ala Thr Gly Glu Arg Arg Val Leu Thr Gly 
310 315 320 

Val Pro Cys Lys Thr Gly Thr Met Trp Gin Phe Asp Ala Glu Thr 
325 330 335 

Gly Glu Phe Leu Trp Ala Arg Asp Thr Asn Tyr Gin Asn Met He 
340 345 - 350 



Glu Ser He Asp Glu Asn Gly He Val Thr Val Asn Glu Asp Ala 

355 360 365 

He Leu Lys Glu Leu Asp Val Glu Tyr Asp Val Cys Pro Thr Phe 

370 375 380 
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Leu Gly Gly Arg Asp Trp Pro Ser Ala Ala Leu Asn Pro Asp Ser 
385 390 395 

5 

Gly lie Tyr Phe lie Pro Leu Asn Asn Val Cys Tyr Asp Met Met 
400 405 410 

Ala Val Asp Gin Glu Phe Thr Ser Met Asp Val Tyr Asn Thr Ser 
10 415 420 425 

Asn Val Thr Lys Leu Pro Pro Gly Lys Asp Met lie Gly Arg lie 
430 435 440 

75 Asp Ala lie Asp lie Ser Thr Gly Arg Thr Leu Trp Ser Val Glu 

445 450 455 

Arg Ala Ala Ala Asn Tyr Ser Pro Val Leu Ser Thr Gly Gly Gly 
460 465 470 

Val Leu Phe Asn Gly Gly Thr Asp Arg Tyr Phe Arg Ala Leu Ser 
475 480 485 

Gin Glu Thr Gly Glu Thr Leu Trp Gin Thr Arg Leu Ala Thr Val 
25 490 495 500 

Ala Ser Gly Gin Ala He Ser Tyr Glu Val Asp Gly Met Gin Tyr 
505 510 515 



30 



35 



40 



Val Ala lie Ala Gly Gly Gly Val Ser Tyr Gly Ser Gly Leu Asn 
520 525 530 

Ser Ala Leu Ala Gly Glu Arg Val Asp Ser Thr Ala He Gly Asn 
535 540 545 

Ala Val Tyr Val Phe Ala Leu Pro Gin 
550 555 



45 



50 



55 
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INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 



(ii) 
(iii) 



(iv) 



(A) LENGTH: 

(B) TYPE: 

(C) TOPOLOGY- 
MOLECULE TYPE: 
ORIGINAL SOURCE: 

ORGANISM: 
STRAIN: 
FEATURE: 



579 residues 
amino acid 
linear 
protein 

Gluconobacter oxydans 
DSM 4025 



FEATURE KEY: sig peptide 
POSITION: -23..-1 
SEQUENCING METHOD: S 
FEATURE KEY: mat peptide 
POSITION: 1..556 



SEQUENCING METHOD: S 



Met Lys Thr Ser Ser Leu Leu Val Ala Ser Val Ala Ala Leu Ala 
"20 -15 _ 10 

Ser Tyr Ser Ser Phe Ala Leu Ala Gin Val Thr Pro Val Thr Asp 
"5 1 5 

Glu Leu Leu Ala Asn Pro Pro Ala Gly Glu Trp lie Ser Tyr Gly 
10 15 20 

Gin Asn Gin Glu Asn Tyr Arg His Ser Pro Leu Thr Gin lie Thr 
25 30 35 

Thr Glu Asn Val Gly Gin Leu Gin Leu Val Trp Ala Arg Gly Met 
40 45 50 

Gin Pro Gly Lys Val Gin Val Thr Pro Leu He His Asp Gly Val 
55 60 65 

Met Tyr Leu Ala Asn Pro Gly Asp Val lie Gin Ala He Asp Ala 
70 75 80 
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Lys Thr Gly 
85 

He Ala Thr 
100 

Leu Tyr Gly 
115 

Val Ala Leu 
130 

Arg Gly Gin 
145 

Val Ala Asn 
160 

Pro Phe Gly 
17 5 

Glu Leu Trp 
190 

Asp Glu Thr 
205 

Val Trp Gly 
220 

Tyr Gly Ser 
235 

Thr Thr Gly 
250 

Arg Pro Glu 
265 

Arg Asp Asn 
280 

Asn Val Asp 
295 

He Asn Pro 
310 

Val Pro Cys 
325 

Gly Glu Phe 
340 

Glu Ser He 
355 



Asp Leu He 
Leu Asn Ser 
Thr Asn Val 
Asp Thr Ala 
Gly Glu Asp 
Gly Val He 
Cys Phe Val 
Arg Asn Tyr 
Trp Gly Asn 
Gin He Thr 
Ser Ala Val 
Gly Thr Met 
Thr Gly Glu 
Trp Asp Gin 
Val Gin Pro 
Asn Ala Ala 
Lys Thr Gly 
Leu Trp Ala 
Asp Glu Asn 



Trp Glu His 
9 0 

Phe Gly Glu 
105 

Tyr Phe Val 
120 

Thr Gly Gin 
135 



Met Val Ser 
150 

Val Ala Gly 
165 



Ser Gly His 
180 

Phe He Pro 
195 

Asp Tyr Glu 
210 



Tyr Asp Pro 
225 

Gly Pro Ala 
240 

Tyr Gly Thr 
255 

He Val Trp 
270 

Glu Cys Thr 
285 

Ala Ala Asp 
300 

Thr Gly Glu 
315 

Thr Met Trp 
330 

Arg Asp Thr 
345 

Gly He Val 
360 



Arg Arg Gin 
Pro Thr Arg 
Ser Trp Asp 
Val Thr Phe 
Asn Ser Ser 
Ser Thr Cys 
Asp Ser Ala 
Arg Ala Gly 
Ala Arg Trp 
Val Gly Gly 
Ser Glu Thr 
Asn Thr Arg 
Arg His Gin 
Phe Glu Met 
Met Asp Gly 
Arg Arg Val 
Gin Phe Asp 
Ser Tyr Glu 
Thr Val Asp 



Leu Pro Asn 
95 

Gly Met Ala 
110 

Asn His Leu 
125 

Asp Val Asp 
140 

Gly Pro He 
155 

Gin Tyr Ser 
17 0 

Thr Gly Glu 
185 

Glu Glu Gly 
200 

Met Thr Gly 
215 

Leu Val His 
230 

Gin Arg Gly 
245 

Phe Ala Val 
260 

Thr Leu Pro 
275 

Met Val. Ala 
290 

Val Arg Ser 
305 

Leu Thr Gly 
320 

Ala Glu Thr 
335 

Asn He He 
350 

Glu Ser Lys 
365 
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Val Leu Thr Glu Leu Asp Thr Pro Tyr Asp Val Cys Pro Leu Leu 
370 375 380 

Leu Gly Gly Arg Asp Trp Pro Ser Ala Ala Leu Asn Pro Asp Thr 
385 390 395 

Gly He Tyr Phe He Pro Leu Asn Asn Thr Cys Met Asp He Glu 
400 405 41 0 

Ala Val Asp Gin Glu Phe Ser Ser Leu Asp Val Tyr Asn Gin Ser 
415 420 425 

Leu Thr Ala Lys Met Ala Pro Gly Lys Glu Leu Val Gly Arg He 
430 435 440 

Asp Ala lie Asp He Ser Thr Gly Arg Thr Leu Trp Thr Ala Glu 
445 450 455 

Arg Glu Ala Ser Asn Tyr Ala Pro Val Leu Ser Thr Ala Gly Gly 
460 465 470 

Val Leu Phe Asn Gly Gly Thr Asp Arg Tyr Phe Arg Ala Leu Ser 
475 480 485 

Gin Glu Thr Gly Glu Thr Leu Trp Gin Thr Arg Leu Ala Thr Val 
490 495 500 

Ala Ser Gly Gin Ala Val Ser Tyr Glu He Asp Gly Val Gin Tyr 
505 510 ' 515 

He Ala He Gly Gly Gly Gly Thr Thr Tyr Gly Ser Phe His Asn 
520 525 530 

Arg Pro Leu Ala Glu Pro Val Asp Ser Thr Ala He Gly Asn Ala 
535 540 545 

Met Tyr Val Phe Ala Leu Pro Gin Gin 
550 555 
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INFORMATION FOR SEQ ID NO:7: 



(i) 



(ii) 
(in) 



(iv) 



SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 

(B) TYPE: 

(C) TOPOLOGY: 
MOLECULE TYPE: 
ORIGINAL SOURCE: 

ORGANISM: 
STRAIN: 
FEATURE: 



578 residues 
amino acid 
linear 
protein 

Gluconobacter oxydans 
DSM 4025 



FEATURE KEY: sig peptide 



POSITION: -23..-1 
SEQUENCING METHOD: S 
FEATURE KEY: mat peptide 



POSITION: 1..555 
SEQUENCING METHOD: S 



Met Lys Leu 



Leu Gly Thr 



Met Leu Ala 
10 

Asn Gin Glu 
25 

Asp Asn Val 
40 

Ala Gly Lys 
55 

Tyr Leu Ala 
70 



Thr Thr Leu 
-20 

lie Pro Ala 
-5 

Asn Pro Pro 
Asn Tyr Arg 
Gly Gin Leu 
He Gin Val 
Asn Pro Gly 



Leu Gin Ser 
-15 

Leu Ala Gin 
1 

Ala Gly Glu 
15 

His Ser Pro 
30 

Gin Leu Val 
45 

Thr Pro Leu 
60 

Asp Val He 
7 5 



Ser Ala Ala 
Thr Ala He 
Trp He Asn 
Leu Thr Gin 
Trp Ala Arg 
Val His Asp 
Gin Ala He 



Leu Leu Val 
-10 



Thr Asp Glu 
5 



Tyr Gly Gin 
20 

He Thr Ala 
35 

Gly Met Glu 
50 



Gly Val Met 
65 



Asp Ala Ala 
80 
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Thr Gly Asp Leu lie Trp Glu His Arg Arg Gin Leu Pro As* He 



95 

Ala Thr Leu Asn Ser Phe Gly Glu Pro Thr Arg Gly Met Ala Leu 

105 110 

Tyr Gly Thr Asn Val Tyr Phe Val Ser Trp Asp Asn His Leu Val 



125 



Ala Leu Asp Thr Ser Thr Gly Gin Val Val Phe Asp Val Asp Arg 

135 140 

Gly Gin Gly Thr Asp Met Val Ser Asn Ser Ser Gly Pro lie Val 
145 "0 i 5 5 

Ala Asn Gly Val He Val Ala Gly Ser Thr Cys Gin Tyr Ser Pro 

165 170 

Phe Gly Cys Phe Val Ser Gly His Asp Ser Ala Thr Gly Glu Glu 
175 180 185 

Leu Trp Arg Asn Asn Phe He Pro Arg Ala Gly Glu Glu Gly Asp 

195 200 
Glu Thr Trp Gly Asn Asp Tyr Glu Ala Arg Trp Met Thr Gly Val 

Trp Gly Gin He Thr Tyr Asp Pro Val Gly Gly Leu Val His Tyr 

225 230 

Gly Thr Ser Ala Val Gly Pro Ala Ala Glu He Gin Arg Gly Thr 
^ J 3 240 



245 



Val Gly Gly Ser Met Tyr Gly Thr Asn Thr Arg Phe Ala Val Arg 

255 260 

Pro Glu Thr Gly Glu He Val Trp Arg His Gin Thr Leu Pro Arg 

270 275 

Asp Asn Trp Asp Gin Glu Cys Thr Phe Glu Met Met Val Val Asn 
280 285 290 

Val Asp Val Gin Pro Ser Ala Glu Met Glu Gly Leu His Ala He 
295 300 3 0 5 

Asn Pro Asp Ala Ala Thr Gly Glu Arg Arg Val Val Thr Gly Val 
310 315 3 2 o 

Pro Cys Lys Asn Gly Thr Met Trp Gin Phe Asp Ala Glu Thr Gly 
325 330 335 

Glu Phe Leu Trp Ala Arg Asp Thr Ser Tyr Gin Asn Leu He Glu 



Ser Val Asp Pro Asp Gly Leu Val His Val Asn Glu Asp Leu Val 



360 3 65 
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Val Thr Glu Leu Glu Val 
370 

Gly Gly Arg Asp Trp Pro 
3 85 

lie Tyr Phe lie Pro Leu 
400 

Val Asp Gin Glu Phe Ser 
415 

Asp Tyr Lys Leu Ser Pro 
430 

Ala lie Asp lie Ser Thr 
445 

Tyr Ala Ser Asn Tyr Ala 
460 

Leu Phe Asn . Gly Gly Thr 
475 

Glu Thr Gly Glu Thr Leu 
490 

Ser Gly Gin Ala lie Ser 
505 

Ala He Gly Arg Gly Gly 
520 

Ala Leu Thr Glu Arg He 
535 

Tyr Val Phe Ala Leu Pro 
550 



Ala Tyr Glu 
375 

Ser Ala Ala 
390 

Asn Asn Ala 
405 

Ser Leu Asp 
420 

Gly Ser Glu 
435 

Gly Arg Thr 
450 

Pro Val Leu 

465 . 

Asp Arg Tyr 
480 

Trp Gin Thr 
495 

Tyr Glu He 
510 

Thr Ser Tyr 
525 

Asp Ser Thr 
540 

Gin Gin 
555 



He Cys Pro 
Leu Asn Pro 
Cys Ser Gly 
Val Tyr Asn 
Asn Met Gly 
Leu Trp Ser 
Ser Thr Gly 
Phe Arg Ala 
Arg Leu Ala 
Asp Gly Val 
Gly Ser Asn 
Ala He Gly 



Thr Phe Leu 
380 



Asp Thr Gly 
395 

Met Thr Ala 
410 

Val Ser Leu 
425 

Arg He Asp 
440 

Ala Glu Arg 
455 

Gly Gly Val 
470 

Leu Ser Gin 
485 

Thr Val Ala 
500 

Gin Tyr Val 
515 

His Asn Arg 
530 

Ser Ala He 
545 
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INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 579 residues 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) ORIGINAL SOURCE: 

ORGANISM: Gluconobacter oxydans 
STRAIN: DSM4025 

(iv) FEATURE: 

FEATURE KEY: sig peptide 
POSITION: -23..-1 
SEQUENCING METHOD: E 
FEATURE KEY: mat peptide 
POSITION: 1..556 
SEQUENCING METHOD: E 



Met Asn Pro Thr Thr Leu Leu Arg Thr Ser Ala Ala Val Leu Leu 
~ 20 -15 -io 

Leu Thr Ala Pro Ala Ala Phe Ala Gin Val Thr Pro lie Thr Asp 
"5 1 5 

Glu Leu Leu Ala Asn Pro Pro Ala Gly Glu Trp He Asn Tyr Glv 
10 15 ~ 20 

Arg Asn Gin Glu Asn Tyr Arg His Ser Pro Leu Thr Gin He Thr 
25 30 35 

Ala Asp Asn Val Gly Gin Leu Gin Leu Val Trp Ala Arg Gly Met 
40 45 50 

Glu Ala Gly Ala Val Gin Val Thr Pro Met He His Asp Gly Val 
55 60 65 

Met Tyr Leu Ala Asn Pro Gly Asp Val He Gin Ala Leu Asp Ala 
70 75 80 
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Gin Thr Gly Asp Leu lie Trp Glu His Arg Arg Gin Leu Pro Ala 
85 90 95 

Val Ala Thr Leu Asn Ala Gin Gly Asp Arg Lys Arg Gly Val Ala 
100 105 HO 

Leu Tyr Gly Thr Ser Leu Tyr Phe Ser Ser Trp Asp Asn His Leu 
115 120 125 

He Ala Leu Asp Met Glu Thr Gly Gin Val Val Phe Asp Val Glu 
130 135 140 

Arg Gly Ser Gly Glu Asp Gly Leu Thr Ser Asn Thr Thr Gly Pro 
145 150 155 

He Val Ala Asn Gly Val He Val Ala Gly Ser Thr Cys Gin Tyr 
160 165 170 

Ser Pro Tyr Gly Cys Phe He Ser Gly His Asp Ser Ala Thr Gly 
175 180 185 

Glu Glu Leu Trp Arg Asn His Phe He Pro Gin Pro Gly Glu Glu 
190 195 200 

Gly Asp Glu Thr Trp Gly Asn Asp Phe Glu Ala Arg Trp Met Thr 
205 210 215 

Gly Val Trp Gly Gin He Thr Tyr Asp Pro Val Thr Asn Leu Val 
220 225 230 

Phe Tyr Gly Ser Thr Gly Val Gly Pro Ala Ser Glu Thr Gin Arg 
235 240 245, 

Gly Thr Pro Gly Gly Thr Leu Tyr Gly Thr Asn Thr Arg Phe Ala 
250 255 260 

Val Arg Pro Asp Thr Gly Glu He Val Trp Arg His Gin Thr Leu 
265 270 275 

Pro Arg Asp Asn Trp Asp Gin Glu Cys Thr Phe Glu Met Met Val 
280 285 290 

Ala Asn Val Asp Val Gin Pro Ser Ala Glu Met Glu Gly Leu Arg 
295 300" 305 

Ala He Asn Pro Asn Ala Ala Thr Gly Glu Arg Arg Val Leu Thr 
310 315 320 

Gly Ala Pro Cys Lys Thr Gly Thr Met Trp Ser Phe Asp Ala Ala 
325 330 335 

Ser Gly Glu Phe Leu Trp Ala Arg Asp Thr Asn Tyr Thr Asn Met 
340 345 350 

He Ala Ser He Asp Glu Thr Gly Leu Val Thr Val Asn Glu Asp 
355 360 365 
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Ala Val Leu Lys Glu Leu Asp Val Glu Tyr Asp Val Cys Pro Thr 
370 375 380 

Phe Leu Gly Gly Arg Asp Trp Ser Ser Ala Ala Leu Asrx Pro Asp 
385 390 395 

Thr Gly lie Tyr Phe Leu Pro Leu Asn Asn Ala Cys Tyr Asp lie 
400 405 410 

Met Ala Val Asp Gin Glu Phe Ser Ala Leu Asp Val Tyr Asn Thr 
415 420 425 

Ser Ala Thr Ala Lys Leu Ala Pro Gly Phe Glu Asn Met Gly Arg 
430 435 440 

lie Asp Ala He Asp He Ser Thr Gly Arg Thr Leu Trp Ser Ala 
445 450 " 455 

Glu Arg Pro Ala Ala Asn Tyr Ser Pro Val Leu Ser Thr Ala Gly 
460 465 470 

Gly Val Val Phe Asn Gly Gly Thr Asp Arg Tyr Phe Arg Ala Leu 
475 • 480 485 

Ser Gin Glu Thr Gly Glu Thr Leu Trp Gin Ala Arg Leu Ala Thr 
490 495 500 

Val Ala Thr Gly Gin Ala He Ser Tyr Glu Leu Asp Gly Val Gin 
505 510 515 

Tyr He Ala He Gly Ala Gly Gly Leu Thr Tyr Gly Thr Gin Leu 
520 525 530 

Asn Ala Pro Leu Ala Glu Ala He Asp Ser Thr Ser Val Gly Asn 
535 540 545 

Ala He Tyr Val Phe Ala Leu Pro Gin 
550 555 
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INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 82 bases 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(iii) ORIGINAL SOURCE: synthetic oligonucleotide 

CATGAAAATA AAAACAGGTG CACGCATCCT CGCATTATCC GCATTAACGA 50 
CGATGATGTT TTCCGCCTCG GCTCTCGCCC AG 82 



INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 



(ii) 
(iii) 



(A) LENGTH: 

(B) TYPE: 

(C) TOPOLOGY: 
MOLECULE TYPE: 
ORIGINAL SOURCE: 



83 bases 
nucleotide 
linear 
DNA 

synthetic oligonucleotide 



GTT AC CTGGG CGAGAGCCGA GGCGGAAAAC ATCATCGTCG TTAATGCGGA 50 
TAATGCGAGG ATG CGTGC AC CTGTTTTTAT TTT 83 
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INFORMATION FOR SEQ ID NO:l 1: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 27 residues 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 
'» («) MOLECULE TYPE: peptide 

(iii) ORIGINAL SOURCE: E. coli 

(iv) FEATURE: 

, 5 FEATURE KEY: sig peptide 

POSITION: 1..26 
FEATURE METHOD: S 



20 



25 



30 



35 



40 



Met Lys He Lys Thr Gly Ala Arg He Leu Ala Leu Ser Ala Leu 
15 10 15 

Thr Thr Met Met Phe Ser Ala Ser Ala Leu Ala Gin 

20 25 27 



INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleotide 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(iii) ORIGINAL SOURCE: synthetic oligonucleotide 



45 GTTAGCGCGG TGGATCCCCA TTGGAGG 27 



so Claims 
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IntT^iT 1 enz t ymS, ? repara ! i ° n havin9 an alcoho1 and/or aldeh y d e dehydrogenase activity which comprises 

seqTd no i rsrs sfrsx s us* ,rom ,he 9roup consistin9 ° f ******* «• ***** * 

SEQ ID NO 5. SEQ ID NO 6. SEQ ID NO 7 and SEQ ID NO 8 and chimeric recombinant enzymes between the 

lino t 2SSSTI r I ab0ve 7 hiCh C ° ntain additi0a inS6rtion ' de,e1ion and/or substitution of one or mofe 
Sty res,due(s), wherem sad enzymatic poiypeptides have said alcohol and/or aldehyde dehydrogenase 
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2. A recombinant enzyme preparation according to claim 1 , wherein said polypeptide is a chimeric enzyme, such 
as Enzyme A/B1 , Enzyme A/B2, Enzyme A/B3, Enzyme B/A1 , Enzyme B/A2, Enzyme B/A3, Enzyme sA2, Enzyme 
sA21, Enzyme sA22, Enzyme sB and a functional derivative thereof. 

3. A recombinant enzyme preparation according to daim 1 or 2, wherein the enzymatic polypeptides present in the 
form(s) of homodimer(s) and/or heterodimer(s). 

4. A DNA molecule encoding a polypeptide as defined in claims 1 or 2. 

5. A DNA molecule according to claim 4 , wherein the DNA molecule is present in the form of a linear or circular 
DNA or an insertion DNA fragment on a chromosome. 

6: A recombinant expression vector comprising one or more of DNA molecules as defined by any one of claims 4 
or 5. 

7. A recombinant expression vector according to claim 6, wherein said DNA molecule(s) is(are) functionally linked 
to one or more genetic control sequence(s) and are capable of expression of the enzymatic polyp eptide(s) as 
defined in any one of claims 1 to 3 in an appropriate host cell. 

8. A recombinant expression vector according to claim 7, which is selected from the group consisting of pSSA102R, 
pSSA'lOlR, pSSA M 102, pSSB103R, pSSAP-B, pSSA/B101R, pSSA/B102R, pSSA/B103R, pSSB/A101R, 
pSSB/A102R, pSSB/A103R, pSSsA2, pSSsA21, pSSsA22 and pSSsB. 

10. A recombinant organism which carries the recombinant expression vector as claimed in any one of the claims 
6 to 8 or one or more of DNA molecules defined by any one of claims 4 or 5. 

11. A recombinant organism according to daim 10. wherein the host cell is selected from the group consisting of 
microorganisms, mammalian and plant cells. 

12. A recombinant organism according to claim 10 or 11, wherein the host cell is a microorganism seleded from 
the group consisting of bacteria, such as Escherichia coli, Pseudomonas putida, Acetobacter xylinum, Acetobacter 
pasteurianus, Acetobacter aceti, Acetobacter hansenii, and Gluconobacter oxydans. 

13. A recombinant organism according to claim 12, wherein the host cell is Gluconobacter oxydans [DSM No. 
4025]. 

14. A process for producing a recombinant enzyme preparation having an alcohol and/or aldehyde dehydrogenase 
activity as defined in claim 1, 2 or 3, which comprises cultivating a recombinant organism defined in any one of 
claims 1 1 through 13 in an appropriate culture medium and recovering said recombinant enzyme(s). 

15. A process for producing an aldehyde, ketone or carboxylic acid product from a corresponding substrate which 
comprises converting said substrate. into the product with the aid of a biochemical action of a recombinant organism 
defined in any one of claims 1 1 through 13. 

16. A process for producing 2-keto-L-gulonic acid from L-sorbose and/or D-sorbitol which comprises converting L- 
sorbose and/or D-sorbitol into 2-keto-L-gulonic acid with the aid of a biochemical action of a recombinant organism 
defined in any one of claims 1 1 through 13. 

17. A process for producing an aldehyde, ketone or carboxylic acid product from a corresponding substrate which 
comprises incubation of a readion mixture containing a recombinant enzyme preparation defined in any one of 
claims 1 through 3 and said substrate. 

18. A process for producing 2-keto-L-gulonic acid which comprises incubation of a reaction mixture containing a 
recombinant enzyme preparation defined in any one of claims 1 through 3 and L-sorbose and/or D-sorbitoL 

19. A process for the production of L-ascorbic acid from 2-keto-L-gulonic acid charaderized therein that a process 
as claimed in claim 16 or 18 is effeded and the 2-keto-L-gulonic acid obtained by such process is transformed into 
L-ascorbic acid by a method known in the state of the art. 
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S H = us pSSB103R 
Enzyme B 



Fig. 1 . 
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Tc r 



vector: 
P VK102 



Aval \ •§ 



Enzyme A/B l 

I £C 'S mLb 

Enzyme A/B2 
Sail 



Enzyme A/B3 
Aval 



Enzyme B/Al 

EcoRI 
H 



Enzyme B/A2 

Sail 

Z==ZH 



Enzyme B/A3 



pSSA/BlOIR 



pSSA/B102R 



pSSA/B103R 



pSSB/AlOIR 



P SSB/A102R 



pSSB/A103R 



Fig. 2. 
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PSSAB201 



T3 



e Enzyme A = Enzyme 



DC 



vector: pUCI 8 



pSSBA201 



XJ 



| Enzyme B| Enzyme A | 



vector: pUC1 8 



Fig. 3. 
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Enzyme sB 



Recombination site 

*1 : amino acid residue No. 135 of mature Enzyme A 
*2 : amino acid residue No. 128 of mature Enzyme A 
*3 : amino acid residue No. 125 of mature Enzyme A 
*4 : amino acid residue No. 95 of mature Enzyme A 

*5 : amino acid residue No. 180 of mature Enzyme B, 
which nucleotide sequence of Aval site encodes 

Fig. 4. 
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Enzyme A l 
Enzyme B i 



61 

• 61 

121 
121 

180 
181 

240 ; 

241 : 

300 : 

301 : 

360 : 

361 : 

420 : 

421 : 

480 : 

481 : 

540 : 
540 : 



: QVTPVTDELL AWPAOEWIS »m SPLTQITTEN VGQLQLVWAR GMQPGKVQVT 
: QVTPITDELL ANPPAGEWIN YGP.MQENYRH SPLT^TADN VGQLQLVWAR GMEAGAVQVT 

: PLIHDGVMYL ANPGDVIQAI DAKTGDLIWE HRRQLPNIAT LMSFGEPTRG MALYGTNVYF 
PMIHDGVMYL ANPGDVIQAL DAQTGDL^ ^H^T i^ mK ^ V ^ s ^ 

* 

VSWDMHLVAL DTATGQVTFD VDP.GQGED-M VSNSSGPIVA NGVIVAGSTC QYSPFGCFV^ 1 
SSWDNKLXAL DMETGQWFD VEP.GSGEDGL TSNTTGPIVA NGVIVAGSTC QYSPYGCFIS 

S^*™"*? f Y ^^ A ? =0"™*™ lvhygstavg 

GHDSATGEEL WRNHFIPQPG EEGDETWGND F EARWMTG VW GQJTYDPVTN LVFYGSTGVG 

PASETQRGTP GGTLYGTNTR FAVRPDTGEI VWRHQTLPRD NWDQECTFEM MVTNVDVQPS 
PASETQRGTP GGTLYGTNTR FAVRPDTGEI VW^QTLPP.D NWDQECTFEM MVANVDVQPS 

T f^ QS ™ 7?2V™TZ ^ V !^!?T MWQFDAETGE^nlwARDTNYQ NMIESIDENG 
AEMEGLRAIN PNAATGERRV LTGAPCKTGT MWSFDAASGE FLWARDTNYT NMIASIDETG 

IVTVNEDAXL KELDVEYDVC FTFLGGRDWP SAALNPDSGI YFIPLNNVCY DMMAVDQEFT 
LVTVNEDAVL KELDVEYDVC PTFLGGRDWS IZZVvrGI YFLPLNNACY DIMAVDQEFS 

* 

Sail 

SMDVYOTSNV TKLPPGKDMI GRIDAIDIST GRTLWSVERA AANYSPVLST GGGVLFNGGT 
ALDVYNTSAT AKLAPGFENM GRIDAIDIST GRTLWSAERP AANYSPVLST AGGVVFNGGT 

T°fI^ TR ^ rf^"?™ i^*™* glnsalager 

DRYFRALSQE TGETLWQARL ATVATGQAIS YELDGVQYIA IGAGGLTYGT QLNAPLA- EA 

VDSTAIGNAV YVFALPQ 
» * * » » » ***»»*» 

IDSTSVGNAI YVFALPQ 



f 0 7K d L S nD q | U r^i ?, nc ° di "9 these re 9i°ns are the restriction sites 
genes shown in Ffe f ^ WWe US6d f ° r cons ^ng chimera 



Fig. 5. 
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Enzyme A gene 



c 

if 



00 < 



J_ Enzyme B gene 



C 



*: Aval, EcoRJ, Sail sites used for constructing chimera 



genes shown in Figs. 2 and 6. 



Fig. 7. 




Enzyme A 



■a 



Enzyme B 



03 
00 



o 

X 



PSSAB201 

(vector: pUC18) 



Lineariization with Xhol and Ball 





Transform E. coli JM 1 0 1 (rec A + ) 



vector: pUCl 8 



Various kinds of chimera genes 
can be obtained. 



vector: pVK1 00 



Fig. 8. 
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GC GGCC CGTT AG CGCGGTG AAAC CC C ATTGGAGGAC AGT.C ATG 

| | SD Mei 

Primer GTTAGCGCGGTGfiAICCCCATTGGAGG 

BamHI 



PB 

H B 



Enzyme B 



Nucleotide sequence 
upstream of 
Enzyme B gene 



2.3 kb Hindlll 
fragment 
with BamHI site 



Fig. 9. 



PA 

H ■ B 
I 1 

PTn5 

Hindlll-BamHI 
promoter cassette 




BamHI-Hindlll fragment 
containing Enzyme B gene 



H : Hindlll, B : BamHI, P : Pstl 



pUCl 8-PA-B 



Sail 



i— Hindlll 
Bglll 

Hindlll 




EccRI 



pUC18-PTn5-B Hindlll 



pSSAP-B 
pSSPTnS-B 



Fig. 10. 
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(54) Alcohol-aldehyd-dehydrogenases 

(57) The present invention is directed to a recom- 
binant enzyme preparation having an alcohol and/or 
aldehyde dehydrogenase activity which comprises one 
or more enzymatic polypeptide(s) selected from the 
group consisting of polypeptides which are identified by 
SEQ ID NO 5, SEQ ID NO 6, SEQ ID NO 7 and SEQ ID 
NO 8 and chimeric recombinant enzymes between the 
polypeptides identified by SEQ ID NO 5, SEQ ID NO 6, 
SEQ ID NO 7 and SEQ ID NO 8 and functional deriva- 
tives of the polypeptides identified above which contain 
addition, insertion, deletion and/or substitution of one or 
more amino acid residue(s), wherein said enzymatic 
polypeptides have said alcohol and/or aldehyde dehy- 
drogenase activity, DNA molecules encoding such 
polypeptides, vectors comprising such DNA molecules, 
host cells transformed by such vectors and processes 
for the production of such recombinant enzyme prepa- 
rations, aldehyds, ketones or carboxylic acids by using 
such enzyme preparations and specifically 2-keto-L- 
gulonic acid and more specifically L-ascorbic acid (vita- 
min C). 
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